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Abstract

Macrophages play a central role in the normal healing process after tissue injury and the host
response to foreign objects such as biomaterials. The process leading to macrophage adhesion and
activation on protein-adsorbed substrates is complex and unresolved. While the use of primary
cells offers clinical relevancy, macrophage cell lines offer unique advantages such as availability
and relatively homogeneous phenotype as models to probe the molecular mechanism of cell-
surface interaction. Our goal was to better characterize the effect of the culture condition and
surface-associated ligands on the extent of U937 adhesion. Tyrosine phosphorylation of
intracellular proteins was surveyed as a basis to seek a greater understanding of the molecular
mechanism involved in mediating U937 adhesion on various ligand-adsorbed surfaces. U937
viability and adhesion on tissue culture polystyrene (TCPS) increased with (i) increasing serum
level, (ii) decreasing tyrosine phosphorylation inhibitor AG18 concentration, or (iii) increasing
culture time. The adsorption of various adhesion proteins such as fibronectin and peptide ligands
(i.e., RGD, PHSRN) on TCPS did not significantly increase the adherent density of U937 when
compared with albumin and PBS ligand controls. However, ligand identity and the presence of
phorbol myristate acetate dramatically affected the extent (i.e., increase or decrease) and the
identity (i.e., molecular weight) of phosphotyrosine proteins in adherent U937 in a time-dependent
manner. The extent and identity of phosphotyrosine proteins did not exhibit a clear AG18 dose
dependency, rather the level of tyrosine phosphorylation for a distinct group of proteins was either
increased or decreased for a given AG18 concentration. r 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Macrophages play a central role in the normal healing process after tissue injury and the host
response to foreign objects such as biomaterials and pathogens [1,2]. The process leading to
macrophage adhesion and activation on protein-adsorbed substrates is complex. For
example, the concentration, composition, and conformation of adsorbed proteins on
biomaterials depend mainly on the surface chemistry and topography, the chemicophysical
property and concentration of each protein, time, and mechanical forces such as fluid shear
in a dynamic fashion [3]. In addition to the role of protein conformation in modulating
receptor recognition and cellular function, inconsistencies in the literature exist between the
type and amount of adsorbed proteins and the subsequent cellular behavior [4,5]. For
example, monocyte adhesion on a poorly adhesive surface is enhanced by adsorbed 1gG [6],
while others have shown that fibrinogen is more critical for phagocyte adhesion on
biomaterials [7]. Others and we have demonstrated that macrophage adhesion is mainly
modulated by the substrate and the extracellular matrix protein such as fibronectin [8,9].

To better understand the association between surface-bound ligands with extracellular
membrane receptors and the subsequent selective intracellular signaling events in
macrophages, others and we have relied on the use of primary human blood derived
monocytes [10,11]. The clinical relevance of using primary cells to the host foreign body
response of biomaterials is obvious. However, primary cells are limited in supply and
availability, laborious to isolate, costly, and have tremendous donor-to-donor variation in
terms of adhesion, phenotypic expression, and tyrosine phosphorylation. The molecular and
cellular effect of the isolation process is also not well understood and characterized.
Macrophage-like cell lines such as IC-21 (murine) [12] and U937 (human) [13] are routinely
employed for various biomedical research applications and offer an alternative in
biomaterial-related investigation. The advantages of cell lines are ready availability, high
proliferative potential, less expensive, extended culture lifetime, and relatively homogeneous
phenotype. The goal of the current research is to better characterize the effect of culture
condition (i.e., amount of serum, culture time, presence of phorbol myristate acetate (PMA),
dose dependency of tyrosine phosphorylation inhibitor AG18) and surface-associated
ligands on the extent of U937 adhesion. Furthermore, others have demonstrated that
fibronectin—integrin interaction mainly results in the phosphorylation of two intracellular
kinase families: protein tyrosine kinase and protein serine/threonine kinase in various types
of cells. Thus, tyrosine phosphorylation of intracellular proteins is surveyed as a basis to
seek a greater understanding of the molecular mechanism involved in mediating U937
adhesion on surfaces adsorbed with fibronectin-derived ligands.

2. Materials and methods

2.1. Cell line and reagents

Human monocytic cell line, CRL-1593.2/U-937 (American Type Culture Collection,
ATCC), was maintained in RPMI 1640 supplemented with 5% fetal bovine serum (FBS).
Reagents were obtained from the following commercial sources: RPMI 1640 medium and
FBS (ATCC); human serum fibronectin, human serum albumin and hexaglycine (Gg), PMA,
tyrosine protein phosphorylation inhibitor tyrphostin A23 (AG18) (Sigma); G3RGDG and
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G3PHSRNG oligopeptides were synthesized by the Biotechnology Center, University of
Wisconsin-Madison at >95% purity as analyzed by HPLC and mass spectrometry; trypsin/
neutralization solution/HBSS kit (CAMBREX); M-PER® Mammalian Protein Extraction
Reagent, Halt™ Protease Inhibitor Cocktail, BCA Protein Assay Reagent kit® (PIERCE);
immobilized phosphotyrosine monoclonal antibody (9419) (Cell Signaling Technology);
ultra-pure stacking gel buffer, resolving gel buffer concentrate, 40% (w/v)
acrylamide:bisacrylamide (37.5:1) (GIBCO-BRL); and 10x Tris/glycine/SDS buffer Bio-
Safe™ Coomassie, 10-Well Ready Gel®, Tris-HCI Gel®, 10% Resolving Gel®, 4%
Stacking® Gel (BIO-RAD).

2.2. Determination of the culture condition and adhesion assay

To minimize the possible unknown effect of components in FBS on mediating cell adhesion
and tyrosine phosphorylation, we first determined the lowest concentration of FBS necessary
to maintain U937 viability. Cells were incubated in suspension for 24 h in medium
supplemented with 0%, 2.5%, 5%, 7.5%, or 10% FBS with or without 50 ng/ml PMA. Cell
viability was quantified by trypan blue exclusion test [14]. Cell viability significantly
decreased in the absence of FBS, but the cell viability in the medium with 5% FBS reached
90% of that with 10% FBS in the absence of PMA (Fig. 1). Hence, 5% FBS was chosen for
all subsequent U937 cell culture to minimize the unknown effects of FBS upon adhesion and
tyrosine phosphorylation. Following similar methodology, 50 ng/ml was the lowest
concentration of PMA that significantly induced U937 adhesion on tissue culture
polystyrene (TCPS) in the presence of 5% FBS and was chosen for all subsequent
experiments. Cells cultured in the presence of PMA and 5% FBS showed a viability of
100% compared to cells grown in PMA and 10% FBS (Fig. 1). Morphologically, multi-
pseudopodia formation and homotypic aggregation were two most apparent characteristics
of adherent U937 cells on TCPS in the presence of 50 ng/ml PMA and 5% FBS.

To determine the effect of ligand-adsorbed surfaces in mediating cell adhesion,
commercially available tissue culture polystyrene (TCPS, flask of a surface area of 75 cm?,
Falcon BD®) was prepared 24 h prior to cell C for 24 h. PBS only was used as the ligand
control. Flasks were rinsed twice with cold PBS prior to use. Source cells (passage between
3 and 10) were collected by centrifugation at 500 x g for 10 min at 37°C, rinsed with PBS,
resuspended in RPMI 1640 supplemented with 5% FBS, AG18 (at 0, 20, 40, 60, or 80 uM),
and PMA (50 ng/ml). Cells were seeded at a seeding density of 1.7 x 10°/cm? of surface
area onto treated TCPS flask and incubated for 2, 4, 12, 20, or 24 h. At each culture time,
samples were rinsed with cold PBS to remove nonadherent cells and the adherent cell
density was quantified using a computer-assisted inverse contrast microscope (Nikon Eclipse
TE300).

2.3. Preparation of cell lysates and immunoprecipitation

Tyrosine phosphorylation of intracellular proteins in adherent U937 on various ligand
preadsorbed TCPS was surveyed. Briefly, 12 or 24 h after seeding following the above
adhesion assay protocol (seeding density: 1.7 x 109cells/cm? of sample area with a total area
of 150 cm?/sample, with AG18 at various concentration as above with 50 ng/ml PMA and
5% FBS) non-adherent cells were removed via gently washing with the culture medium.
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Adherent cells were rinsed once with cold PBS, incubated with 0.025% trypsin/EDTA,
trypsin neutralizing solution, Hepes-buffered saline solution at 37°C for 5 min for each
reagent then centrifuged at 1000 x g for 10 min at 37°C. Cell pellet was rinsed with ice-cold
PBS and 0.5 ml/sample of ice-cold cell lysis buffer with protease inhibitor cocktail was
added. Lysates were placed on ice for 1 h, microcentrifuged for 10 min at 4°C, and sonicated
for 5 s. The amount of total protein in the supernatant was quantified with an established
BCA assay following the supplier’s instruction. For each sample, 550 ug of total protein was
mixed with immobilized phosphotyrosine antibody (v:v=10:1 as recommended by the
supplier) in a 1.5 ml Eppendorf and gently rocked overnight at 4°C. Samples were gently
washed three times prior to resuspension in 20 ul 3 x SDS sample buffer, centrifuged at
14,000 x g for 3 min, heated to 80-85°C in a water bath for 2-5 min, and ~20 pl of the
resulting solution sample was loaded and resolved on a 10% SDS-PAGE gel (70~80 V in
stacking gel and 110 V in resolving gel). Gels were stained overnight with Coomassie Blue
and each band was quantified by densitometry (Molecular Dynamics, ImageQuant
Software). The intensity of each band was standardized as follows: relative band intensity =
[(raw intensity of a band) — (background of that lane)]/[(intensity of the marker on the same
gel) — (background of the marker lane)].

2.4. Statistical analysis

Cell adhesion study was repeated independently two to four times (7=2—4) and the data were
analyzed by one- or two-way ANOVA at p<0.05 (SigmaStat). Tyrosine phosphorylation
assays for each test condition (i.e., ligand identity, culture time, AG18 concentration) was
independently repeated two to four times (17 = 2-4) and the data were analyzed by ANOVA
at p<0.05.

3. Results and discussion

3.1. Cell adhesion assays

A time course of U937 adhesion at 0, 4, 12, 20, and 24 h was first determined to quantify the
kinetics of cell adhesion on TCPS in the presence of 5% FBS and 50 ng/ml of PMA.
Adherent cell density increased with increasing time and reached a plateau by 24 h (Fig. 2).
In order to obtain a sufficient number of adherent cells and amount of proteins for the
subsequent phosphotyrosine protein immunoprecipitation and to minimize processes such as
proliferation which might askew the protein analysis, culture times of 12 and 24 h were
chosen to determine the modulatory effect of surface-associated ligands on cell adhesion and
intracellular tyrosine phosphorylation. The doubling time for U937 cells is between 48 and
72 h in the media with 5% FBS, so the adherent cell measurements at 12 and 24 h are
primarily dependent on cell adhesion rather than proliferation.

The effect of various ligand-adsorbed surfaces on adherent cell density was analyzed in the
presence of 0, 20, 40, 60, and 80 pM AG18. With no AG18 added to the culture medium,
adherent cell density on all surfaces at 24 h was significantly higher than that at 12 h on
respective ligand-adsorbed surfaces. No statistical significance was found among various
ligand-adsorbed surfaces when compared with PBS control at 12 and 24 h and at each
respective AG18 concentration level (Table 1). However, adherent cells on fibronectin-
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adsorbed surfaces showed a flatter morphology with more pseudopodial extension when
compared with those on PBS- or other ligand-adsorbed surfaces at both time points. With the
addition of 20, 40, 60, or 80 UM AG18, adherent cell density at 12 h on all surfaces was, in
general, comparable to each other and to that of respective surface with 0 uM AG18. At 24
h, adherent cell density decreased significantly on all ligand-adsorbed surfaces in the
presence of 20, 40, 60, or 80 UM AG18 when compared to that of respective surfaces with 0
UM AG18, but the effect was not ligand-or dosage-dependent (Table 1 and Fig. 3).

3.2. Survey of phosphotyrosine proteins regulated by PMA

The effect of PMA on protein tyrosine phosphorylation in adherent U937 on TCPS was
determined. This effect established the extent of regulation and the identity of
phosphotyrosine proteins due to the culture condition only and not due to ligand-modified
surface. The presence of 50 ng/ml PMA, necessary to induce U937 adhesion, increased the
tyrosine phosphorylation of ~200, ~140, ~100, ~85, ~65, ~42, and ~29 kDa proteins, while
decreased that of ~160, ~63, and ~23 kDa proteins in adherent cells when compared with
cells without PMA treatment (i.e., cells in suspension) (Fig. 4).

PMA mediates many biological functions in different cell types, such as tissue specific cell
proliferation or growth arrest, apoptosis, differentiation, activation, secretion, adhesion, and
migration by stimulating different signaling pathways, among which the phospholipases
Cgamma2-protein kinase C-MAPK cascade is frequently reported [15,16]. In addition,
nuclear factor kappaB and activating factor 1 have also been identified as PMA targets.
Several other transcription factors, including six-CREB, E2F, CETP/CRE, c-Rel, Msp1,
Pax6, GATA, NF-E1, ISRE, Elk, and c-Jun induced by PMA, have been profiled in HeLa
cells [17]. Our data showed that U937 adhered to all treated surfaces in the presence of
PMA, without which no cell adhesion occurred. We hypothesized that some of the adhesion-
related cellular components would have been induced or activated during this adhesion
process. Cross-referencing with the Swiss-Prot® database and TrEMBL® (http://
us.expasy.org), several potential adhesion-related phosphotyrosine proteins matching the
molecular weight range are likely candidate targets of PMA in U937. Proteins that could be
upregulated include: non-receptor tyrosine protein kinase TYK2 (134 kDa) [18], adapter-
related protein complex 2 alpha 2 subunit (104 kDa), epidermal growth factor receptor
substrate 15 (99 kDa) [19], CD97 antigen (82 kDa) [20], mitogen-activated protein kinase 6
(83 kDa) [21], paxillin (65 kDa) [22], transcription factor NF-E2 45 kDa subunit (41 kDa)
[23], mitogen-activated protein kinase 1 (41 kDa) [24], mitogen-activated protein kinase 3
(43 kDa), and myristoylated alanine-rich C-kinase substrate (31 kDa) [25]. Plausible
downregulated proteins include: mitogen-activated protein kinase 4 (63 kDa) [24] and
nuclear transcription factor Y subunit beta (23 kDa) [26], hinting that these phosphotyrosine
proteins might serve as constraints in cell adhesion and/or cell spreading.

3.3. Survey of phosphotyrosine proteins regulated by surface ligands

Expression profile of phosphotyrosine proteins in adherent cells on various ligand-adsorbed
TCPS surfaces was analyzed. At 12 h without AG18, albumin-adsorbed surfaces increased
the tyrosine phosphorylation of ~70 kDa (a) proteins, whereas tyrosine phosphorylation of
~52 kDa (b) and ~100 kDa (c) proteins was decreased on Gg- and G3PHSRNG-adsorbed
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surfaces, respectively, when compared with PBS-treated surface control (Table 2, band
designation within parenthesis in Fig. 5A). In the presence of 20 uM AG18, fibronectin-
adsorbed surfaces increased the tyrosine phosphorylation of ~160 kDa (d) proteins when
compared with the PBS control. Tyrosine phosphorylation of ~52 kDa (e) proteins on
G3PHSRNG-adsorbed surfaces was increased by 2-folds when compared with that in the
absence of AG18. At 40 uM AG18, surface-ligand identity did not significantly affect
tyrosine phosphorylation, whereas at 60 UM AG18, fibronectin- and G3RGDG-adsorbed
surfaces, respectively, increased the tyrosine phosphorylation of ~90, ~52 and ~42, and
increased ~52 kDa proteins when compared to PBS-treated controls. In the presence of 80
UM AG18, albumin- and fibronectin-adsorbed surfaces, respectively, decreased the tyrosine
phosphorylation of ~85 kDa proteins and increased that of ~42 kDa proteins when compared
to PBS-treated controls.

At 24 h, the extent and the identity of phosphotyrosine proteins in adherent U937 as
mediated by surface ligand were significantly different from that of 12 h. In the absence of
AG18, albumin-adsorbed surfaces decreased the tyrosine phosphorylation of ~42 kDa (f)
proteins, whereas fibronectin- and GzRGDG-adsorbed surfaces increased the tyrosine
phosphorylation of ~200 kDa (g, h) proteins when compared with PBS-treated controls
(Table 3, band designation within parenthesis in Fig. 5B). In the presence of 20 UM AG18,
fibronectin-adsorbed surfaces decreased the tyrosine phosphorylation of ~52 kDa (i) and ~42
kDa (j) proteins, whereas Gg-, G3RGDG-, and G3PHSRNG-adsorbed surfaces, respectively,
decreased the tyrosine phosphorylation of ~23 (k) and ~65 kDa (I) proteins and increased
that of ~23 kDa (m) proteins when compared with PBS-treated controls. In the presence of
40 uM AG18, fibronectin-adsorbed surfaces increased the tyrosine phosphorylation of ~23
kDa proteins, whereas Gg-adsorbed surfaces decreased that of ~42 kDa proteins when
compared with PBS-treated controls. Ligand identity did not affect the extent and type of
protein tyrosine phosphorylation in the presence of 60 or 80 UM AG18 when compared with
PBS-TCPS control (Table 3).

The RGD loop in the 10th type 11 domain of fibronectin is near the N-terminus of this
domain [27] and the interaction with PHSRN synergy regions of domain 9 may stabilize a
particular conformation of the RGD loop or provide a specific context that allows
recognition by some integrins and not others [28]. In our study, although adherent cell
density on all ligand-adsorbed surfaces were comparable, the extent (i.e., increase or
decrease) and the identity (i.e., molecular weight) of intracellular phosphotyrosine proteins
in adherent U937 were surface-ligand dependent. In order to determine which proteins were
tyrosine phosphorylated in the presence of various adsorbed ligands, those regulated by
PMA as a critical culture component had to be considered first. We observed in adherent
U937 on TCPS that the extent of tyrosine phosphorylation increased for ~200, ~140, ~100,
~85, ~65, ~42, and ~29 kDa proteins, whereas decreased for ~160, ~63, and ~23 kDa
proteins in the presence of PMA. Hence, modulated proteins that were other than those
listed above and/or showing opposing trend (i.e., increased in the presence of PMA but
decreased in the presence of PMA and ligand-adsorbed substrate) were likely contributed by
the surface-ligand identity (shown in bold type in Tables 2 and 3). For example, proteins
such as those of ~160, ~90, ~85, ~70, ~52-50, ~42, and ~23 kDa were differentially
modulated by various ligand-adsorbed surface either at 12 or 24 h of culture for a given
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AG18 concentration level. Of a particular note, the modulation of ~42 and ~23 kDa proteins
by albumin-, fibronectin-, and GsPHSRNG-adsorbed surfaces at 24 h showed an opposite
trend when compared to PMA treatment only (shown in bold type in Table 3). The
upregulation of tyrosine phosphorylation of ~52 kDa proteins by G3PHSRN-, G3RGDG-,
and fibronectin-adsorbed surfaces at 12 h even in the presence of AG18 suggested the
critical nature of these proteins in mediating cell adhesion on these ligand-adsorbed
substrates. Others had shown that a 50 kDa integrin-associated protein (CD47) in several cell
types is physically associated with alpha(v)beta3 and beta3 integrin subunits [29,30] and is
activated via tyrosine phosphorylation upon the complexation of these integrins with
extracellular matrix proteins such as fibronectin [31]. CD47 activation is required for the
integrin-regulated calcium influx critical in the subsequent integrin-regulated cellular
function, such as cytoskeletal rearrangement, cell spreading, and movement [32,33].
Although the evidence and the function of tyrosine phosphorylated ~160, ~85, ~70, ~42, and
~23 kDa proteins in adherent U937 are unclear, our current data indicate the existence of
unique and novel tyrosine phosphorylation events triggered by a specific cell- surface
interaction.

3.4. Survey of phosphotyrosine proteins regulated by AG18 concentration

For a given ligand-adsorbed surface, various AG18 concentrations differentially modulated
tyrosine phosphorylation in adherent U937. In general, the extent and the identity of
phosphotyrosine proteins did not exhibit a clear AG18 dose dependency, rather the level of
tyrosine phosphorylation for a distinct group of proteins was either increased or decreased
for a given AG18 concentration (Table 4). At 12 h of culture on PBS-treated controls,
tyrosine phosphorylation of proteins such as ~85, ~42, and ~23 kDa was decreased in the
presence of 60-80 uM of AG18 when compared with cells treated with 0 uM of AG18. On
albumin-adsorbed surfaces, tyrosine phosphorylation of proteins such as ~23 kDa was
decreased in the presence of 60-80 uM of AG18, whereas that of five other proteins was
decreased in the presence of 80 uM of AG18, when compared with cells treated with 0 uM
of AG18. On fibronectin-adsorbed surfaces, tyrosine phosphorylation of ~23 kDa proteins
was decreased in the presence of 60-80 uM of AG18, whereas that of four other proteins
was increased in the presence of 60 uM of AG18. On Gg_adsorbed surfaces, tyrosine
phosphorylation of proteins such as ~200, ~42, and ~23 kDa proteins was decreased in the
presence of 60-80 uM of AG18, whereas that of two other proteins was increased in the
presence of 40 uM of AG18. On G3RGDG adsorbed surfaces, tyrosine phosphorylation of
proteins such as ~42, and ~23 kDa proteins was decreased in the presence of 60— 80 pM of
AG18. On G3PHSRNG-adsorbed surfaces, tyrosine phosphorylation of proteins such as ~42,
and ~23 kDa proteins was decreased in the presence of 60-80 uM of AG18, whereas that of
~52 (e) and ~100 kDa was increased in the presence of 20 and 40 uM of AG18, respectively,
when compared to cells treated with 0 uM of AG18 (Table 4, band designation within
parenthesis in Fig. 5A).

At 24 h, the extent and the identity of phosphotyrosine proteins in adherent U937 as
mediated by various AG18 concentrations were significantly different from that of 12 h for a
given ligand-adsorbed surface. Again, the extent and identity of phosphotyrosine proteins
did not exhibit a clear AG18 dose dependency (Table 5, band designation within parenthesis
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in Fig. 5). On PBS-treated controls, tyrosine phosphorylation of proteins such as ~42 kDa
was decreased in the presence of 40-60 uM of AG18, whereas that of ~200 and ~23 kDa
was increased from 40 to 60 and from 60-80 puM of AG18, respectively, when compared to
cells treated with 0 pM of AG18. On albumin-adsorbed surfaces, tyrosine phosphorylation
of proteins such as ~23 kDa was increased in the presence of 40-80 uM of AG18. On
fibronectin-adsorbed surfaces, tyrosine phosphorylation of ~200 (n), ~160 (0), ~130 (p), and
~100 kDa (q) proteins was decreased in the presence of 20 uM of AG18, whereas that of two
other proteins was increased in the presence of 80 uM of AG18 (Table 5, band designation
within parenthesis in Fig. 5). On Gg. adsorbed surfaces, tyrosine phosphorylation of proteins
such as ~85 (r), ~70 (s), ~23 kDa (t) proteins was decreased in the presence of 20 uM of
AG18, whereas that of ~23 kDa was increased in the presence of 60 uM of AG18. On
G3RGDG-adsorbed surfaces, tyrosine phosphorylation of proteins such as ~200 (u), ~130
(v), ~70 (w), ~42 kDa (x) proteins was decreased in the presence of 20 uM of AG18,
whereas that of four other proteins was increased in the presence of 80 uM of AG18. On
G3PHSRNG-adsorbed surfaces, tyrosine phosphorylation of proteins such as ~52 kDa
proteins was decreased in the 40-60 uM of AG18, whereas that of ~42 kDa was increased in
the presence of 60-80 uM of AG18.

Others have observed that AG18 attenuates TNF-alpha-induced U937 adhesion and growth
[34]. In our study, we observed that AG18 attenuates the adhesion and spreading of U937 at
24 h of culture on albumin-, fibronectin-, hexaglycine-, GsRGDG- and G3PHSRNG-
adsorbed surfaces (Table 1, Fig. 3). AG18 is generally employed as a broad-spectrum
tyrosine protein phosphorylation inhibitor [35,36], and this was confirmed in our study
where a decrease in tyrosine phosphorylation was observed for several proteins (i.e., ~200,
~85, ~65, and ~42 kDa) in the presence of AG18 and in a surface-ligand-dependent manner
(shown in bold type in Tables 4 and 5) with PMA added to the culture medium. However,
these proteins were increased by PMA only in U937 adherent on TCPS (Fig. 4). Our results
suggest that these phosphotyrosine proteins are positively involved in cell adhesion and/or
cell spreading. Conversely, the tyrosine phosphorylation of ~160 and 23 kDa proteins was
decreased in the presence of PMA (Fig. 4) but increased in the presence of PMA and AG18
(shown in bold type in Tables 4 and 5). This phenomenon suggests that an inhibitory role in
meditating cell adhesion and/or cell spreading. We observed that the presence of 20 pM
AG18 statistically attenuated 11 phosphotyrosine proteins, while the presence of 80 uM
AG18 enhanced nine phosphotyrosine proteins. In addition, the extent of tyrosine
phosphorylation of certain proteins (i.e., ~200, ~160, ~70, and ~23 kDa) statistically
increased at certain AG18 concentration while decreased at another concentration. This
unexpected duality of AG18 suggests phosphotyrosine proteins other than AG18 targets
might be phosphorylated or dephosphorylated to compensate the overreaction to AG18 up to
40 UM concentration.

4. Conclusion

The effect of several culture parameters (i.e., FBS and AG18 concentrations, time) on the
viability and adhesion of U937 on TCPS was determined. The adsorption of various
adhesion protein and peptide ligands did not significantly increase the adherent density of
U937 when compared with ligand controls. However, ligand identity and the presence of
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PMA dramatically affected the extent (i.e., increase or decrease) and the identity (i.e.,
molecular weight) of phosphotyrosine proteins in adherent U937 in a culture-time-

de
ex

pendent manner. Furthermore, the extent and identity of phosphotyrosine proteins did not
hibit a clear AG18 dose dependency, rather the level of tyrosine phosphorylation for a

distinct group of proteins was either increased or decreased for a given AG18 concentration.
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Fig. 1.
Trend line showing the effect of FBS concentration and 50 ng/ml PMA on U937 viability at

24 h of the culture. The addition of PMA increased cell viability and cell viability with 5%
FBS(PMA+) reached 100% of that with 10% FBS (/7=2-4, error bars omitted for clarity)
(broken line: without PMA,; solid line: with PMA).
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Fig. 2.
A time course of adherent U937 density on TCPS (seeding density: 1.7 x 10° cells/cm? with

5% FBS and 50 ng/ml PMA, no AG18 was added, 7=2-4).
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Fig. 3.
Dose-response curve of AG18 of adherent U937 on various ligand adsorbed surfaces

cultured with 50 ng/ml PMA at 24 h. Adherent cell number decreased significantly (0<0.05
ANOVA) with increase of AG18 concentration from 0 to 20 UM and was comparable
thereafter up to 80 uM. No significant difference was observed among various surfaces
adsorbed with: @, PBS; A, albumin; B, fibronectin; x Gg; *, G3RGDG; ¢, GsPHSRNG
(r=2-4, error bars omitted for clarity).
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Fig. 4.
Effect of 50 ng/ml PMA on phosphotyrosine proteins in adherent U937 on TCPS at 24 h of

culture. Significant differences (p < 0.05) were observed between samples with or without
50 ng/ml PMA based on the result of IP-SDS-PAGE electrophoresis staining by Coomassie
Blue (shown by arrows) and analyzed with densitometry.
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Fig. 5.

Pr%tein tyrosine phosphorylation in adherent U937 on various ligand adsorbed surfaces with
or without 20 uM AG18 at 12 h (A) or 24 h (B) of culture. Arrows e and n—x show the
differences between samples with and without 20 pM AG18 from the same surface (0<0.05).
Arrows a—d and f—m indicate the differences between ligand-adsorbed surfaces and PBS-
treated controls at given concentration of AG18 (p<0.05) as determined from densitometric
data.
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