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Live Yeast Cell Derivative Induces c-fos Expression in THP-1 Monocytes

Andrew Osterburg and Stephen J. Keller*
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Abstract: Live Yeast Cell Derivative is a medicinal extract of Saccharomyces cerevisiae that has demonstrated efficacy
in improving the rate and quality of wound healing in mouse and human systems. However, the mechanisms by which
LYCD promotes healing are largely uncharacterized. In this report, we demonstrate that LYCD has effects on the tran-
scriptional profile of the human monocytic cell line THP-1. Thirty minute exposures of THP-1 cells with LYCD induced a
6 to 44-fold, dose-dependent increase in the relative expression of the proto-oncogene c-fos in complete media containing
10% FBS or in low serum media containing 0.1% FBS. Furthermore, protein levels of c-Fos rise at 30 minutes of LYCD
exposure and remained detectable for at least 120 minutes of LYCD exposure. However, the relative abundance of the c-
fos transcript returned to basal levels by 120 minutes. LYCD also induced expression of c-jun with maximal expression of
3-fold at 60 minutes of exposure. Pretreatments with EGFR kinase inhibitor AG-1478 and the MEK1 inhibitor PD98059
blocked the LYCD-dependent increases in c-fos expression. Consistent with signaling through the EGFR, we have dem-
onstrated by RT-PCR the presence of the mRNA for the EGFR (ErbB1/HER1) in THP-1 cells. Taken together these data
suggest that LYCD acts through an EGFR-like cell surface receptor resulting in the activation of the EGFR kinase and the
ERK1/2 signaling cascade.
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INTRODUCTION

Live Yeast Cell Derivative (LYCD) is an alcohol extract
of stressed stationary phase Saccharomyces cerevisiae that
has been widely used for over seven decades in over-the-
counter medications for relief of hemorrhoidal discomfort.
The extract is manufactured under procedures developed by
the Sperti Drug Co. (Cincinnati, OH) and appears in com-
mercial products under several different names such as tissue
or skin respiratory factor, LYCD, or Biodyne. Topical appli-
cation of LYCD promotes healing in full thickness exci-
sional wounds made to the backs of the C57BL/KsJ-db/db
mouse model of impaired healing. These mice have non-
functional leptin receptors, type II diabetes mellitus, and are
used extensively as models of impaired wound healing. A
histological examination of the LYCD treated wounds sug-
gests that the improved healing occurs at the same time as
the infiltration of macrophages and monocytes to the wound
[1]. A subsequent study demonstrates that the medicinal ac-
tivity observed in the C57BL/KsJ-db/db mouse study is the
result of a low molecular weight peptide fraction. In addi-
tion, the peptide fraction not only improves the rate of heal-
ing in C57BL/KsJ-db/db, but also in the excisional wounds
of normal C57BL mice [2]. Other investigators show that
another low molecular weight protein fraction prepared from
LYCD promotes cellular proliferation, collagen synthesis,
and angiogenesis in rabbit corneas and chick yolk sacs [3]. A
4.72 kDa protein has been identified in the peptide fraction
from LYCD that cross reacts with anti-mouse EGF, and has
a dissociation constant of Kp=2.26 + 0.65uM to the epider-
mal growth factor receptor (EGFR) of the human epidermoid
carcinoma cell line, A431 [4].
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Wound healing is a complex process involving a diverse
set of cell types including keratinocytes, fibroblasts, endothe-
lial cells, and leukocytes. These cells must communicate
both spatially and temporally to orchestrate the efficient clo-
sure and restoration of damaged tissue. Quick closure of the
wound is necessary to prevent the establishment of infections
and excessive loss of fluids that may pose a danger to the
organism. Therefore diseases with impaired wound healing,
such as type II diabetes, represent significant health risks to
patients. Treatments that improve the rate of healing may
help to reduce medical complications, the economic burden
and address the quality of life issues. Experimental evidence
demonstrates that under the proper conditions and specific
wound requirements, topical application of various exoge-
nous factors such as PDGF-BB, bFGF, TGF-B, EGF, KGF2,
and leptin can promote healing [5-8].

Central for the proper progression of healing are mono-
cytes and macrophages [9]. In normal healing, circulating
monocytes are recruited, activated, and differentiate into
macrophages at the site of injury. Both cells release a cadre
of biologically active factors that might serve to regulate
other cells within the wound such as keratinocytes and fibro-
blasts. A recent review discusses the role of inflammatory
cells in healing and inflammation [10]. Defects in signaling
components that recruit monocytes and macrophages to a
wound can delay healing. For example, wounds treated with
anti-monocyte inflammatory protein-lalpha (anti-MIP-1a)
have fewer macrophages, with a subsequent decrease in an-
giogenesis and collagen synthesis. In contrast, an over-
abundunce of macrophage recruitment can lead to chronic
inflammation with a delayed onset of healing [11]. However,
PU.1 knockout mice, which lack neutrophils and macro-
phages, can heal wounds without inflammation [12]. These
results suggest that cell lineages and cytokines may overlap
in their wound healing functions.

© 2008 Bentham Science Publishers Ltd.



Live Yeast Cell Derivative Induces

The AP-1 (activator protein-1) transcription factor, com-
posed of homo or heterodimers of Fos (c-Fos, FosB, fra-1,
fra-2), Jun (c-Jun, JunB, JunD), ATF and MAF families, is
reported to be involved in a wide range of functions in
monocytes. For example, AP-1 is involved in the expression
of cytokines and growth factors such as: tumor necrosis fac-
tor-a (TNFa) [13], interleukin-1f8 (IL-1B) [14], interleukin-8
[IL-8) [15], and vascular endothelial growth factor (VEGF)
[16]. Furthermore, c-fos has an important role in modulating
macrophage functional activity [17]. Fos and Jun assist in the
induction of monocyte differentiation of myeloid cells
[18,19].

Despite the in vivo effects of LYCD in promoting heal-
ing, its effect on inflammatory cells are unknown. Due to the
central role of monocytes in healing, we sought to examine
the signaling pathways involved and the transcriptional re-
sponse of cell culture monocytes to LYCD. Additionally, we
employed various chemical inhibitors to determine which
signaling pathways are involved in LYCD-dependent signal-
ing. THP-1 monocytes are used as a model system to study
the effects of medicinal extracts, biomaterials, and other
compounds. These cells can be maintained in cell culture,
share characteristics with monocytes, exhibit macrophage-
like qualities and are used to study monocyte differentiation
and maturation [20-23]. Therefore as an amenable model
system, we have examined the LYCD-dependent transcrip-
tional response of the AP-1 components c-fos and c-jun. Al-
terations in the expression of these genes may reflect
changes in the transcriptional state of THP-1 cells to LYCD
treatments.

RESULTS

LYCD Induces c-fos Expression in THP-1 Cell Culture
Monocytes

First we determined if LYCD had any effect on c-fos
expression in THP-1 cells grown in complete media (RPMI
1640 with 10% FBS). The relative levels for the c-fos and c-
Jjun transcripts were determined by qPCR using geNorm as
described in the methods [24, 25]. For this and subsequent
figures the geNorm normalized expression values have been
rescaled to the 0 minute or to the vehicle treated samples.
The total RNA wused in these experiments was quality
checked by either MOPS agarose gels or by analysis on an
Agilent Bioanalyzer 2100 with RNA sizing microfluidic
chips. Only RNA samples with A260/A280 ratios greater
than 1.8 and intact 28S and 18S ribosomal bands were used
in subsequent analyses. Furthermore, qQPCR data was only
analyzed if the primers produced bands of the proper size on
agarose gels and melting curves produced high temperature
melting point peaks.

As can be seen in Fig. (1). treatment of THP-1 cell cul-
ture with 5 pl/ml of LYCD for 0, 30, 60, 120, and 240 min-
utes induced the expression of c¢-fos. Maximal expression of
c-fos occurred 30 minutes after exposure to LYCD resulting
in a 12-fold (11.96 + 3.61) increase over vehicle treated
cells. At 60 minutes c-fos expression had declined to ap-
proximately 5-fold (5.01 £ 2.43) over the 0 minute time
point. By 120 minutes of LYCD exposure, c-fos mRNA lev-
els had returned to approximately the initial level. Basal lev-
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Fig. (1). LYCD induced c-fos expression in THP-1 cells. Cells
were grown in RPMI 1640 containing 10% FBS at 5x10° cells/ml
for 24 hours prior to treatment with LYCD. Five pl of LYCD was
added per ml of media for various times after which total RNA was
immediately extracted. Each bar represents triplicate biological
samples (n=3) and each qPCR reaction was performed in triplicate.
Inset shows false color Agilent Bioanalyzer 2100 analysis of c-fos
PCR product.

els of c-fos expression also were observed at 240 minutes.
THP-1 cells maintained in RPMI 1640 with 0.1% FBS for 24
hours prior to experimental treatments had a similar induc-
tion of c-fos after LYCD treatments (data not shown). The
latter experiment suggests that the biologically active portion
of LYCD is not competing with a component present in se-
rum. In a set of experiments conducted in RPMI 1640 with
0.1% FBS media, the addition of lipopolysaccharide at 100
ng/ml did not induce c-fos after 30 minutes of exposure (Ta-
ble 1). This suggests that the THP-1 cells were not respond-
ing to LYCD through activation of a non-specific receptor.

LYCD Induces c-fos in a Dose-Dependent Manner

Next we determined if there was a dose-dependent re-
sponse of c-fos to various LYCD concentrations which might
suggest that the response is mediated by a receptor mecha-
nism. We incubated THP-1 cells in low serum media with 20
pl/ml PBS or various doses of LYCD ( 0.5 pl/ml, 5 pl/ml, 10
p/ml, and 20 pl/ml) for 30 minutes and measured c-fos lev-
els. As can be seen in Fig. (2), we observed a dose-
dependent response of c-fos to LYCD concentrations. In-
creasing quantities of LYCD resulted in higher fold expres-
sion of c-fos in relation to the vehicle treated sample. The
smallest dose of LYCD (0.5 pl/ml) produced a 6.6-fold in-
crease over the vehicle treated control. Five pl/ml of LYCD
resulted in a 20.6-fold induction of the c-fos message. At 10
pl/ml of LYCD, there was a 37.9-fold induction of ¢-fos, and
at the highest concentration tested (20 pl/ml) we observed a
43.4-fold increase in the relative abundance of c-fos. The
dose-depen-dent changes of c-fos message were found to be
highly statistically significant (P < 0.002). Furthermore, as
the dose of LYCD increased the magnitude of the difference
between subsequent doses of c-fos decreased. Fitting the
normalized expression values for c-fos to a linear model re-
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Effects of the Phosphorylation Inhibitors AG-1478 and PD98059 on c-fos Expression in THP-1 Cells. This table represents

various independent experiments in which THP-1 cells were serum starved for 24 hours prior to addition of various inhibitors and
LYCD. Vehicle is Ca®*/Mg*" free PBS. All values of c-fos expression have been scaled to their appropriate controls. Pretreat-
ments with DMSO, PD98059, AG-1478, or LPS were for 30 minutes. Each c-fos expression value represents 2 or 3 biological
replicates. Relative expression values have been scaled to the appropriate controls. Note a and b are statistically significant ver-

sus vehicle treated controls (P < 0.05).

Pretreatment Treatment c-fos expression SD
n/a Sul/ml LYCD® 12.77 2.32
DMS0 5ul/ml LYCD" 7.61 226
10um AG 1478 Sul/ml LYCD 1.76 0.20
50pm PD98059 S5ul/ml LYCD 0.93 031
DMSO vehicle 1.25 0.96
10pum AG 1478 vehicle 1.62 0.36
50pm PD98059 vehicle 1.57 0.74
n/a 100ng/m1 LPS 0.91 0.65

sulted in a R? of 0.7815 compared to a R? of 0.9537 for a fit
to a dose-response sigmoidal model. The better fit to a sig-
moidal curve is consistent with a receptor based mechanism
being involved in mediating LYCD effects.
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Fig. (2). c-fos expression in serum starved THP-1 cells after 30
minutes with various concentration of LYCD. Cells were grown
in RPMI 1640 containing 0.1% FBS at 5x10° cells/ml for 24 hours
prior to LYCD treatments. Cells were treated with the given LYCD
concentrations for 30 minutes. Total RNA was extracted and qPCR
performed. Each bar repre-sents duplicate biological samples (n=2)
and qPCR technical replicates (n=3) for each RT reaction.

Exposure of LYCD to THP-1 Cell Cultures Increases c-
jun Expression

Next we determined the LY CD-dependent changes in c-
jun expression, a member of the AP-1 transcription factor.
Changes in expression were measured after incubation with
LYCD for 0, 30, 60, 120, and 240 minutes as presented in
(Fig. 3). By 30 minutes after LYCD treatment of THP-1
cells, the relative abundance of c-jun levels had increased 2.5
fold over the 0 minute sample. Maximal expression of c-jun

was 3-fold and occurred at 60 minutes after addition of
LYCD to culture media. By 120 and 240 minutes the levels
of c-jun had returned to near basal levels. Increased expres-
sion of c-jun was statistically significant (P < 0.001). The
expression of c-fos and c-jun has staggered maxima at 30
and 60 minutes respectively. Additionally, the overall magni-
tude of the relative increase of these two members of the AP-
1 transcription factor was significantly smaller for c-jun (3
fold) compared to c-fos (12 fold).
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Fig. (3). LYCD induced c-jun expression in THP-1 cells. Cells
were grown in RPMI 1640 containing 0.1% FBS at 5x10° cells/ml
for 24 hours prior to treatment with LYCD. Five ul of LYCD was
added per ml of media for various times after which total RNA was
immediately extracted. Each bar represents triplicate biological
samples (n=3) and each qPCR reaction was performed in triplicate.
Inset shows false color Agilent Bioanalyzer 2100 analysis of c-jun
PCR product.

The Phosphorylation Inhibitor (AG-1478) of the EGFR
Receptor Kinase Blocks c-fos Induction in THP-1 Cells
after Exposure to LYCD

Previous work with LYCD has suggested that an epider-
mal growth factor receptor might be involved in the LYCD



Live Yeast Cell Derivative Induces

signaling pathway [26]. To determine if this was a potential
mechanism for the LYCD-dependent response in THP-1
monocytes, we used the specific EGFR kinase inhibitor AG-
1478 to block signaling through the EGFR kinase. This
compound has been reported to be highly specific for EGFR
kinase and to a lesser degree to ErbB2 kinase [27]. As can be
seen in Table 1, pretreatment of THP-1 cells with 10 uM
AG-1478 for 30 minutes prior to the addition of LYCD, re-
sulted in the relative expression of c-fos near basal levels
(1.76 £ 0.20). Also AG-1478 pretreatment followed by the
PBS vehicle for 30 minutes resulted in near basal levels of c-
Jfos expression (1.62 + 0.36). Finally, DMSO pretreatment
followed by vehicle showed little increase in c-fos levels
(1.25 £0.96). LYCD treatment in this experiment resulted in
a 12.77 = 2.32 fold increase over the PBS treated control (P
<0.05).

The Phosphorylation Inhibitor (PD98059) of ERK1/2
Blocks c-fos Induction in THP- 1 Cells after Exposure to
LYCD

Next we undertook to determine if the ERK1/2 mitogen
activated protein kinase signaling pathway was required for
LYCD-dependent c-fos expression. We used the MEK1 in-
hibitor PD98059 to block phosphorylation of ERK1/2. This
compound selectively prevents MEKI1 phosphorylation
of ERK1/2. After 30 minutes. pretreatment with 50 uM
PD98059, there was no increase in the relative level of c-fos
(0.93 £ 0.31) as can be seen in Table 1. PD98059 followed
by vehicle resulted in little induction of the c-fos transcript
(1.57 £ 0.74). The near basal levels of c¢-fos after AG-1478
and PD98059 inhibition are in contrast to LYCD and DMSO
followed by LYCD treatments, in which c-fos increases
12.77 £ 2.32 and 7.61 + 2.26 respectively. Additionally, c-
fos expression in these latter two treatments is statistically
significant (P < 0.05) compared to the appropriate vehicle
treated controls.

EGFR mRNA is Present in THP-1 Cells

Due to the inhibition of c-fos by AG-1478 and PD98059,
we sought to determine if mRNAs for any of the four known
EGFR isoforms (ErbB1/HER1-ErbB4/HER4) were present
inthe THP-1 cell line. Total RNA from previous experiments
was reverse transcribed using gene specific primers (ErbB1/
HER1-ErbB4/HER4) for first strand synthesis. In Fig. (4A),
RT-PCR was performed with the ErbBl (EGFR/HERI)
primers for two time points (0 min and 240 min) and with
biological replicates (A and B) for each time point. This re-
sulted in a PCR product of the predicted size (106 bp) for the
EGFR (ErbB1/HER1) primers. To determine if any of the
other isoforms (ErbB2/HER2-ErbB4/HER4) were present in
these cells a similar set of RT-PCRs were performed using
the various ErbB2-4 primers for first strand synthesis. Two
biological replicates were used for each isoform (0 min and
240 min). No PCR products were observed for the ErbB2,3,4
isoforms when RT-PCR reactions were analyzed on an Ag-
ilent Bioanalyzer 2100 with DNA 1000 microfluidic chips as
seen in Fig. (4B). To confirm that the primers could amplify
the specified products for ErbB2, ErbB3, ErbB4 of the pre-
dicted size, 149, 85 and 74 bp respectively, RT-PCR reac-
tions were performed using total RNA from A431 cells. Fig.
(4C) demonstrates that the gene specific primers produce
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products of the predicted sizes from A431 total RNA. Only
non-specific amplification bands were observed in the cDNA
less PCR controls.

LYCD Induced c-fos Expression Corresponds to In-
creased c-Fos Protein Expression

To determine if an increase in the c-fos message corre-
sponded to increases in the levels of c-Fos protein, Western
blots of protein extracts from LYCD treated THP-1 cells
were performed. Cells were treated with 5 pl/ml of LYCD
for 0, 30, 60, 120, and 270 minutes. At 0 minutes c-Fos pro-
tein levels are below the limit of detection of the chemilumi-
nescence. As can be seen in Fig. (5) after 30 minutes of
LYCD exposure, we see an approximate 62 kDa band corre-
sponding to c-Fos. There is a decline in band intensity from
the 60 minute time point to 270 minutes of LYCD exposure.
Blots were stripped and probed for actin as a loading control
to ensure that equal quantities of protein were loaded per
lane. The background corrected pixel densities for the c-Fos
bands were 0, 22212, 20009, 11796, and 0 for 0, 20, 60, 120,
and 270 minutes respectively. The background corrected
pixel densities for B-actin were 59333, 74723, 73304, 72535,
and 66692 for the same time course.

DISCUSSION

LYCD induces c-fos expression after treatment of THP-1
monocytes in a time and dose-dependent fashion (Figs. 1, 2).
Maximal transcriptional expression occurred at 30 and 60
minutes for c-fos (Fig. 1) and c-jun (Fig. 3), respectively.
This response is consistent with these genes behaving as
immediate early genes [28]. The increase in c-fos and c-jun
transcription can alter the composition of the homo- and het-
erodimers within the AP-1 complex and alter the regulation
of target genes [29]. We also measured increased levels of c-
Fos protein (Fig. 5) as a consequence of the increased tran-
scription.

In monocytes and macrophages AP-1 activity is involved
in inflammatory and stress related responses. For example,
hydrogen peroxide (H,0;) produced during respiratory burst
activity in macrophages increases the expression of AP-1
and NF-«B [30]. LYCD is reported to contain superoxide
dismutase, so it may generate H,O, when added to cells [2].
The respiratory burst activity also activates JNK and ERK1/2
signaling. This link between the redox state of the cell, tran-
scription factors, and signaling pathways can profoundly
modulate gene expression. For example, alveolar macro-
phages upregulate AP-1 in response to acute lung injury
[31], increased AP-1 helps protect macrophages from stress
induced apoptosis [32], and AP-1 levels are associated with
macrophage activation in response to LPS or IFNy [33]. The
AP-1 dimers bind a DNA consensus sequence (TRE response
site) which is found in the promoters of genes responsible for
cytokines, growth factors, cellular proliferation, differentia-
tion, angiogenesis and apoptosis. We have observed in-
creased transcription of growth factor genes containing con-
taining AP-1 TRE sites in response to LYCD treatments (in
preparation).

The data presented in this paper suggests that LYCD in-
duced transcription is dependent upon epidermal growth
factor receptor (EGFR) kinase activity. We have demon-
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Fig. (4). RT-PCR of THP-1 total RNA for ErbB isoforms. Total RNA from LYCD treated THP-1 cells was used to detect the presence of
the ErbB isoforms. A) Two biological replicates (A and B) were used from 2 time points (0 min, and 240 min). PCR products were separated
and analyzed using a Agilent bioanalyzer 2100 DNA sizing microfluidic chip. B) RT-PCRs for ErbB2 thru ErbB4 in THP1 cells. Each RT
for each isoform was run in biological duplicate (0 min and 240 minutes). The +/- represent the presence/absense of the reverse transcriptase
in the reaction. C) Positive controls for the primers using total RNA extracted from A431 cells. The band at 15 bp represents a sizing marker

present in each lane.

strated the presence of the EGFR message in THP-1 cells, as
well as the inhibition of c¢-fos induction after inhibition of
EGFR kinase activity by AG-1478 (Table 1). Until recently,
the evidence for the EGFR on monocytes and macrophages
was scant. However microglia cells, descendents of the mye-
loid lineage as well as the U937 monocyte cell line are re-
ported to express the EGFR [34,35]. The EGFR was func-
tional in the U937 cell line since researchers found that an
activating antibody (ICR9) increased the rate of prolifera-
tion. Furthermore, at low concentrations, the ICR62 anti-

body, which blocks the EGF binding pocket on the EGFR,
reduced levels of U937 proliferation. Lamb and coworkers
have also shown the presence of the EGFR on peripheral
blood monocytes and macrophages [36]. This EGFR appears
to be functional since it mediates chemotaxis in monocytes
and macrophages and cellular proliferation of macrophages.
In atherosclerotic plaques, EGFR co-localized with the
macrophage marker RAM11 which suggests a receptor role
specifically in atherogenesis and generally in chronic in-
flammation. Therefore, the expression of the EGFR on
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monocytes and macrophages may be a product of inflamma-
tion and potentially contributes to monocyte / macrophage
chemotaxis and proliferation in wounds.

Treatment (Min)
Veh 30 60 120 270

cFOS

Fig. (5). Western blot of cFos from LYCD treated THP-1 cells.
Cells were grown in RPMI 1640 containing 0.1% FBS at 5x10°
cells/ml for 24 hours prior to treatment with LYCD. Five ul of
LYCD was added per ml of media for various times after which a
protein lysate was prepared (Methods). The time of LYCD expo-
sure is given above each lane. A non-LYCD control is in the first
lane. After cFos detection, the blot was stripped and the amount of
B-actin in each lane was used as a loading control.

The current set of experiments, LY CD-dependent c-fos
induction, inhibition by AG-1478 and PD98059 (Table 1),
and the demonstration of the EGFR message (Fig. 4) are all
consistent with LYCD signaling through the EGFR in THP-1
monocytes. The data presented here is the first report that the
EGFR mRNA is present in THP-1 monocytes. This is in
contrast to Mograbi ef al. who did not detect EGFR message
by RT-PCR in phorbol 12, 13-dibutyrate (PDBu) treated
THP-1 cells [37]. One explanation for this discrepancy may
be that there is an alternatively spliced form of the EGFR
present in the THP-1 cell line. The primers that Mograbi et
al. used spanned exons 1-23 whereas the primers used here
spanned exon 26-27. These latter primers correspond to the
intracellular kinase domain of the receptor. If there is an al-
ternatively spliced form of the receptor, the forward primer
used by Mograbi et al. may not have had a target sequence.
For example, the kinase region of the EGFR is present in a
number of mutant forms of the EGFR but exon 1 has been
shown to be absent in at least one mutant (EGFRvI) [38].
These EGFR mutants have been associated with various tu-
mors. However, due to the observed in vivo effects of LYCD
induced healing in db/db mice, and in human skin graft do-
nor sites, we feel that a tumor-associated mutant form of the
receptor mediating LY CD signaling is unlikely.

The EGFR mediates signaling events that extend beyond
the EGF-specific ligand activation. For example, the platelet
derived growth factor receptor has been shown to heterodi-
merize with EGFR [39]. Additionally, stimulation of G-
protein coupled receptors can activate EGFR tyrosine kinase
signaling. Signaling by the EGFR then occurs through clas-
sical intracellular signaling cascades [40]. A transactivating
mechanism, or noncanonical EGFR partner, for LYCD-
dependent EGFR signaling remains a possibility in THP-1
cells especially since LYCD can generate H,O,, a known
EGFR transactivator [41].
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There are alternate explanations for AG-1478 blocking
LYCD-dependent induction of c-fos. AG-1478 has recently
been reported to have broader inhibitory effects than initially
reported. These other targets could potentially account for
the LYCD-dependent transcriptional changes of c-fos in our
system. For example, AG-1478 has been shown to specifi-
cally bind to and block the Kv1.5 potassium voltage channel
(Kv1.5) in a non-PTK dependent manner in Chinese hamster
ovary cells (CHO) [42]. However, this effect does not ac-
count for the inhibition of c-fos by the MEKI inhibitor
PD98059. Recently, it was shown that in Kv1.3”" mice there
was suppression of c-Jun N-terminal kinase (JNK) activation
[43]. Although the mechanism of this suppression was not
described, it suggests that there are potential links between
potassium voltage channels and MAPK pathways which could
provide an explanation for both AG-1478 and PD98059 in-
hibition of ¢-fos expression. The identity of the LYCD recep-
tor currently remains unknown. Our data suggests that the
receptor which mediates the LYCD response possesses
‘EGFR-like’ qualities.

In conclusion, we have shown a potential role for LYCD
in regulating monocyte function through modulation of c¢-fos
and c-jun levels. LYCD contains two peptides that are can-
didates for the signal: (1) a 4.7 kDa peptide which binds
EGFR [4] and (2) superoxide dismutase [2] that produces
H,0,, a transactivator of the EGFR. Changes in the abun-
dance of these transcripts suggests that AP-1 DNA binding
and subsequent downstream effects of THP-1 monocytes is
being modulated by LYCD. This transcription factor has
been implicated in wound regeneration in keratinocytes and
appears to play a role in monocyte signaling and inflamma-
tory responses. Transcriptional targets of the altered subunit
composition of AP-1 due to LYCD exposure may help to
explain the observed effects of LYCD in promoting wound
healing. Additional data to be published is consistent with
this interpretation since cell cycle, growth factor, apoptotic,
and oxidative stress related genes have altered expression in
response to LYCD exposure. We have shown that LYCD
treated monocytes have altered cytokine and growth factor
profiles in response to LYCD [44]. Therefore, the increase in
transcription of c-Fos/c-Jun may represent increased binding
to AP-1 TRE binding sites which serve to enhance the AP-1
dependent transcription in THP-1 monocytes. Furthermore,
AP-1 binding may modulate the monocyte and macrophage
phenotype in LYCD treated cells to one that promotes heal-
ing. Components of the LYCD preparation may prove to be a
cost effective and a safe treatment for the promotion of heal-
ing in impaired wounds.

MATERIALS AND METHODS
Reagents

LYCD was provided by the Lotus Group, Inc. (Cincin-
nati, OH) with a certificate of analysis demonstrating the
extract was sterile and stimulated the respiration of A431
human epidermoid carcinoma cells. The preparation was
supplied as an aqueous solution in calcium and magnesium
free phosphate buffered saline (PBS) at a protein concentra-
tion of 15 mg/ml. All primers were purchased from Inte-
grated DNA Technologies (Coralville, 1A). AG-1478 [4-(3-
Chloroanilino)-6,7-dimethoxy quinazoline] and PD98059
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[2'-Amino-3'-methoxyflavone] were purchased from EMD
Biosciences (San Diego, CA). Lipopolysaccharide from
E.coli 026:B6 (LPS) was purchased from Sigma-Aldrich
Corp. (St. Louis, MO).

Cell Culture

THP-1 cells were obtained from ATCC (American Type
Culture Collection, Manassas, VA). The cells were main-
tained in 5% CO, at 37°C between 5x10* and 8x10° cells/ml
in RPMI 1640 supplemented with 2 mM L-glutamine, 1.5
g/L sodium bicarbonate, 4.5 g/L glucose, 10 mM HEPES,
1.0 mM sodium pyruvate, 0.05 mM 2-mercaptoethanol, and
10% heat inactivated fetal bovine serum (Invitrogen,
Carlsbad, CA). For each experiment, the cells were counted
in a standard hemocytometer and resuspended at 5x10°
cells/ml in either RPMI media containing 10% heat inacti-
vated fetal bovine serum (FBS) or in low serum RPMI media
containing 0.1% FBS for 24 hours prior to the experimental
treatments.

A431 human epidermoid carcinoma cells were obtained
from ATCC. The cells are grown in Dulbecco's Modified
Eagle's Medium, (DMEM) supplemented with 1.5 g/L so-
dium bicarbonate, 10 mM HEPES, and 10% fetal bovine
serum (Invitrogen) at 37°C in 5% CO..

RNA Isolation for Real-time qPCR

Total RNA from THP-1 cells was isolated using TRI
Reagent (Molecular Research Center, Cincinnati, OH) ac-
cording to the manufacturer’s protocol with one additional
75% ethanol wash. Briefly, the cells were centrifuged at
300g for 3 minutes (min.). One ml of TRI reagent was added
to disrupt the cells and the samples were vigorously mixed
and incubated at room temperature for 15 min. One hundred
ul of 1-bromo-3-chloropropane (BCP) was added and each
sample was centrifuged at 12,000g for 15 min. at 4°C. The
RNA containing aqueous layer was removed and mixed with
0.5 ml of 100% isopropanol. After 5 min., the samples were
centrifuged at 12,000g for 15 min. at 4°C and the pellet
washed two times with 1 ml of 75% ethanol. After the final
wash the supernatant was discarded and the pellets were air
dried for 5-10 min. RNA was resuspended in 15-20 pl of
RNase/DNase free water and incubated at 37°C for 15 min.
Residual genomic DNA contamination was removed with
DNA-free (Ambion Inc., Austin, TX) according to the manu-
facturer’s protocol. Briefly, 0.1 volumes of 10X DNase I
buffer and 1 pl of DNase I was added to each RNA sample.
After 30 min. incubation at 37°C, 0.1 volume of the DNase
Inactivation Agent was added to each tube. The samples
were incubated for 2 min. at room temperature, centrifuged
for 2 min. at 12,000g and the supernatants were transferred
to new tubes for subsequent analysis. Spectrophotometric
quantification of RNA was performed on a Shimadzu UV-
VIS Spectrophotometer (Shimadzu Scientific Instruments,
Inc., Columbia, MD). The RNA was stored at -80°C until
needed for the reverse transcription (RT) reactions. RNA
integrity was determined by comparing the 28S and 18S
bands on either formaldehyde/MOPS gels or by use of an
Agilent Bioanalyzer 2100 (Agilent Technologies, Palo Alto,
CA) with RNA 6000 Nano LabChip micro-fluidic chips ac-
cording to the manufacturer’s recommendations.
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Reverse Transcription (RT) for qPCR

Two pg of total RNA from each biological replicate were
reverse transcribed using SuperScript II (Invitrogen, Carlsbad,
CA) and the first strand primer Oligo-d(T),3VN (where V=
A, G, C,and N= A, T, C, G) ( New England Biolabs, Ips-
wich, MA). The first strand thermal conditions were: 25°C
for 10 min., followed by 42°C for 30 min., and finally 70°C
15 min. as recommended by the manufacturer. RNase inhibi-
tor and the ANTP Mix were purchased from Applied Biosys-
tems (Foster City, CA). After cDNA synthesis, RT reactions
were diluted 1:5 in double distilled RNase free, DNase free
water for use in the qPCR reactions.

To determine if the EGFR and HER2, HER3, and HER4
mRNA were present in THP1 cells, we used the Clontech
Advantage RT-for-PCR kit according to the manufacturer’s
protocol (Clontech, Mountain View, CA). The first strand
was synthesized with the appropriate gene specific primers.
Positive controls for the reaction were total RNA isolated
from human epidermoid carcinoma A431 cells that have
been shown to express all four forms of the ErbB/HER fam-
ily [45].

Primers

The c-fos and c-jun primers were designed with the aid of
the Primer3 website (http://frodo. wi.mit.edu/cgi-bin/primer3/
primer3_www.cgi) from the NCBI files NM_005252 and
NM_002228 respectively. Sequences for normalization with
geNorm were obtained from Vandesompele et al. [24]. The
sequences for identification of the EGFR mRNA and its iso-
forms were taken from Bieche et al. [46]. c-fos Forward, 5'-
ACTGCTTACACGTCTTCCTTCGTC-3', c-fos Reverse 5'-
TTCTCCTCTCTGTAATGCACCAGC-3', 213 bp; erbBl/
HERI Forward 5-GGTGTGTGCAGATCGCAAAG-3',
erbBI/HERI Reverse 5-GACATGCTGCGGTGTTTTCAC-
3', 106 bp; erbB2/HER2 Forward 5-AGCCGCGAGCACC-
CAAGT-3', erbB2/ HER2 Reverse 5'-TTGGTGGGCAGGT-
AGGTGAGTT-3', 147 bp; erbB3/HER3 Forward 5'-GT-
CTGTGTGACCCACTGCAACT-3', erbB3/HER3 Reverse
5'-GGGTGGCAGGAGAAGCATT-3', 80 bp; erbB4/HER4
Forward 5'-GGCTGCTGAGTTTTCAAGGATG-3', erbB4/
HER4 Reverse 5-GCTTCATACGATCATCACCCTGA-3',
74 bp; c-jun Forward 5-TGGAAACGACCTTCTATGA
CGA-3', c-jun Reverse 5'-GTTGCTGGACTGGATTAT-
CAGG-3', 241 bp. All primers produced products of the ex-
pected size when PCR products were checked by agarose gel
electrophoreses or on the Agilent 2100 Bioanalyzer. Addi-
tionally, melting curves were examined on the final PCR
products to ensure that only the appropriate amplicons were
produced in the reaction.

Real-time Quantitative PCR (qPCR)

Real-time quantitative PCR (qPCR) was performed using
the DyNAmo SYBR Green qPCR 2X Master mix (Bio-Rad
Laboratories, Hercules, CA) in 96-well plates (Bio-Rad).
The total reaction volumes were 20 ul per reaction, with 0.4
UM of the appropriate primers and 2 pl of a 1:5 dilution of
the reverse transcription reaction. After the addition of the all
reagents, the plates were sealed with Microseal 'B' Seal (Bio-
Rad). Thermal cycling was performed in a MJ Opticon 2
(Bio-Rad) and the Ct values and melting curves were deter-
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mined with the Opticon2 (ver 2.02) software. Cycling condi-
tions were: 95°C for 15 min., followed by 40 cycles of 95°C
for 10 sec, 60°C for 20 sec, and 72°C for 20 seconds. After
each extension cycle, the SYBR green fluorescence was
measured.

Data Normalization

GeNorm was used to find the most stable housekeeping
genes (HKG) for normalization of qPCR expression data
[24]. The most stable set of HKGs were determined by
measuring all of the relative pairwise expression values of a
panel of housekeeping genes by the comparative Ct method.
The most stable set of HKGs over all of the time points and
treatments were determined to be: B-actin (ACTB), hypoxan-
thine phosphoribosyl transferase (HPRT), glyceraldehyde-3-
phosphate dehydrogenase (GAPDH), and B-2-microglobulin
(B2M). This set of HKGs had a stability measure (M) of
0.201. From this set of genes, normalization factors were
derived from the geometric mean of their relative expression
from each RT reaction. Additionally, the average efficiencies
of amplification for each gene were used by measuring per-
well efficiencies with LinRegPCR [25]. Each experiment
had 2 or 3 biological replicates per treatment and each gPCR
reaction had 3 technical replicates.

Statistics

Differences between expression levels were taken to be
statistically significant at P < 0.05. To determine the statisti-
cal significance for qPCR data, the Resampling Stats (Ar-
lington, VA) software package was used [47]. Resampling
Stats was used to calculate a distribution of possible F-ratios
from the geNorm normalized expression values from bio-
logical replicates. The reported P-value was determined from
the frequency of the observed F-ratio in the hypothetical F-
ratio distribution calculated by Resampling Stats.

Western Blot Analysis

Antibodies for c-Fos (H-125, a polyclonal rabbit IgG) , B-
actin (C-11, a polyclonal goat IgG), horseradish peroxidase
(HRP) conjugated secondary antibodies (bovine anti-rabbit
IgG, and rabbit anti-goat IgG) were purchased from Santa
Cruz Biotechnology, Inc (Santa Cruz, CA).

THP-1 cells were suspended at 5x10° cells/ml in low
serum RPMI 1640 for 24 hours prior to the experiments.
After various LYCD treatments, the cells were washed with
ice cold PBS and collected at 300g for 5 min. Proteins were
extracted with M-PER (Mammalian Protein Extraction
Agent, Pierce, Rockford, IL) according to the manufacturer’s
recommendations. Protein quantification was performed with
the Bradford reagent at A590 measured on a Molecular De-
vices 96-well vmax micro-plate reader (Sunnyvale, CA).
Twenty pg of protein lysate were loaded per lane on 4% -
20% precast Tris-HCI gels (Bio-Rad) and the gels were run
at 20 mA until the dye-front reached the bottom. The gel was
equilibrated in Towbin buffer (20% MeOH, 25 mM Tris, 192
mM Glycine) for 30 min. at room temperature, followed by
semi-dry electro-transfer to 0.45 pm PVDF membranes
(Immobilon-P, Millipore, Bedford, MA) for 1 hour at 100
mA. The membranes were blocked with 1% casein in PBS
(Casein PBS Blocking Buffer, Pierce, Rockford, IL) supple-
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mented with molecular biology grade 0.05% Tween-20 for 1
hour at room temperature with shaking. Primary and secon-
dary antibodies were used at 1:100 and 1:5000 dilutions re-
spectively in a modified blocking buffer (0.5% casein
blocker with 0.05% Tween-20 in PBS) for 2 hours at room
temperature or overnight at 4°C with shaking. Membranes
were washed three times for 10 min. each in TPBS (PBS
with 0.05% Tween-20) followed by one wash in PBS. The
bound antibodies were visualized using HRP-conjugated
secondary antibodies followed by chemiluminescence (ECL-
Plus, Amersham Pharmacia, Piscataway, NJ). Kodak XAR
Film (Fisher Scientific) was used for chemiluminescent de-
tection.

For visualization of B-actin, the membranes were stripped
with glycine stripping buffer (0.2 M glycine, 0.1% SDS, 1%
Tween-20, pH 2.2) two times for 30 min. each at room tem-
perature with shaking. Membranes were washed three times
in PBS. Membranes were blocked for 1 hour at room tem-
perature with shaking and antibody staining proceeded as
described above. Pixel densities were determined using the
free object quantification tool, with the boarder subtraction,
in GelExpert 3.5 (NucleoTech, San Mateo, CA).
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