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Abstract

We have established that HCMV acts as a specific ligand engaging and activating cellular integrins on monocytes. As a
result, integrin signaling via Src activation leads to the functional activation of paxillin required for efficient viral entry and
for the biological changes in monocytes needed for viral dissemination. These biological/molecular changes allow HCMV to
use monocytes as “vehicles” for systemic spread and the establishment of lifelong persistence. However, it remains
unresolved how HCMV specifically induces this observed monocyte activation. It was previously demonstrated that the
HCMV gH/gL/UL128-131 glycoprotein complex facilitates viral entry into biologically relevant cell types. Nevertheless, the
mechanism by which the gH/gL/UL128-131 complex promotes this process is unknown. We now show that only HCMV
virions possessing the gH/gL/UL128-131 complex are capable of activating integrin/Src/paxillin-signaling in monocytes. In
fibroblasts, this signaling is reversed, such that virus lacking the gH/gL/UL128-131 complex is the only virus able to induce
the paxillin activation cascade. The presence of the gH/gL/UL128-131 complex also may have an inhibitory effect on
integrin-mediated signaling pathway in fibroblasts. Furthermore, we demonstrate that the presence of the gH/gL/UL128-
131 complex on the viral envelope, through its activation of the integrin/Src/paxillin pathway, is necessary for efficient
HCMV internalization into monocytes and that appropriate actin and dynamin regulation is critical for this entry process.
Importantly, productive infection in monocyte-derived macrophages was seen only in cells exposed to HCMV expressing
the gH/gL/UL128-131 complex. From our data, the HCMV gH/gL/U128-131 complex emerges as the specific ligand driving
the activation of the receptor-mediated signaling required for the regulation of the actin cytoskeleton and, consequently,
for efficient and productive internalization of HCMV into monocytes. To our knowledge, our studies demonstrate a possible
molecular mechanism for why the gH/gL/UL128-131 complex dictates HCMV tropism and why the complex is lost as clinical
isolates are passaged in the laboratory.

Citation: Nogalski MT, Chan GCT, Stevenson EV, Collins-McMillen DK, Yurochko AD (2013) The HCMV gH/gL/UL128-131 Complex Triggers the Specific Cellular
Activation Required for Efficient Viral Internalization into Target Monocytes. PLoS Pathog 9(7): e1003463. doi:10.1371/journal.ppat.1003463

Editor: Jay A. Nelson, Oregon Health and Science University, United States of America
Received January 18, 2012; Accepted May 13, 2013; Published July 11, 2013

Copyright: © 2013 Nogalski et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This work was supported by grants from the National Institutes of Health (Al050677, HD-051998, and P20-RR018724), a Malcolm Feist cardiovascular
research fellowship, and an American Heart Association predoctoral fellowship (10PRE4200007). The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.
* E-mail: ayuroc@lsuhsc.edu

n Current address: Department of Microbiology and Immunology, State University of New York Upstate Medical University, Syracuse, New York, United States of
America.

systems. It is this broad tropism and multiple organ system
involvement that lead, in susceptible individuals, to the hallmark of
HCMV pathogenesis - multiorgan failure [9-15]. It is thought
that, for HCMV to cause broad-organ pathogenesis, infected

Introduction

Human cytomegalovirus (HCMYV) is a betaherpesvirus charac-
terized by worldwide prevalence in the human population.

Although infection of immunocompetent individuals is usually
mild or asymptomatic, increasing evidence shows that HCMV
infection is a strong risk factor in the development of several
cardiovascular diseases (CVDs) [1-5], and that the infection may
lead to the development of some cancers [6,7]. In immunocom-
promised individuals, viral infection can lead to significant
morbidity and mortality [8,9]. HCMYV is the leading viral cause
of congenital central nervous system damage and a leading
opportunistic pathogen in AIDS and transplant patients [8,9]. The
virus is shed in nearly all body fluids illustrating HCMV’s broad
cellular tropism and capacity to spread to and infect most organ
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circulating cells in the blood act as viral-carriers allowing for
dissemination of the virus to multiple target tissues. In support,
HCMYV infection is characterized by a cell-associated viremia, in
particular a monocyte-associated viremia prior to the onset of viral
pathogenesis [9,15-18]. As a cell type, monocytes are character-
ized by high motility and the capacity to migrate to all host organ
systems making them an ideal cell type for viral dissemination [19—
21].

We have previously shown that HCMYV infection of monocytes
leads to a wide range of biological changes that shape the behavior
of target monocytes. HCMV-infected monocytes are characterized
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Author Summary

We previously demonstrated that HCMV, by engaging
cellular receptors, changes the biology of blood mono-
cytes, allowing for efficient viral entry into these cells and
their use as virus-carriers in HCMV systemic spread.
However, it was unclear how HCMV induces receptor-
mediated signaling in infected cells. Here we report that
HCMV by expressing a specific complex of five glycopro-
teins, present on HCMV clinical isolates, engages cellular
integrin receptors and subsequently triggers integrin-
mediated signaling leading to efficient viral entry into
monocytes and productive infection of monocyte-derived
macrophages. We also demonstrate that the HCMV
pentameric complex has an inhibitory effect on integrin-
mediated signaling in fibroblasts, an in vitro model system
of HCMV infection, suggesting that the presence of the
pentameric complex is not advantageous for HCMV
infection of fibroblasts. Together, our results argue that
HCMV uses distinct mechanisms to enter monocytes and
fibroblasts. In support, our findings indicate that HCMV
utilizes an endocytic-like route of entry into monocytes
that is in contrast to viral fusion at the cell surface seen in
fibroblasts. Our studies provide a molecular explanation
for a previously observed critical role of the HCMV
pentameric complex during infection of clinically relevant
cell types, which in the future may lead to the develop-
ment of better targets for antiviral therapy.

by the overexpression and secretion of inflammatory cytokines, an
enhanced cellular motility, the increased expression of adhesion
molecules allowing for tight adhesion of infected monocytes to
endothelial cells, an increase in transendothelial migration, and the
promotion of cellular differentiation [16—18]. Importantly, mono-
cytes are not permissive for HCMV gene expression and
replication upon initial infection and have to differentiate into
monocyte-derived macrophages to support productive infection
[17,22-24]. This wide range of molecular changes in monocytes
during HCMV infection and lack of productive infection in
HCMV-infected monocytes sets this cell type apart from other cell
types, underlying the unique biological processes hijacked by
HCMV during infection of monocytes.

Molecular changes in monocytes begin to occur within minutes
post infection, suggesting that a receptor/ligand process initiates
changes during the early steps of HCMV infection [16,17]. In
support, UV-irradiated, virus-treated monocytes showed the same
changes in transcription factor regulation, cellular signaling and
motility as “live” virus [16—-18]. Additionally, studies demonstrated
that HCMV glycoproteins gB and gH also induced rapid
activation of Specificity Protein 1 (Spl) and nuclear factor k-
light-chain-enhancer of activated B cells (NF-xB) transcription
factors [16,25], indicating that the act of HCMV binding to target
cells triggers biological changes. Recently, we demonstrated that
HCMV engages the epidermal growth factor receptor (EGFR),
and the B1 and B3 integrins on the surface of monocytes to initiate
the receptor-mediated signaling pathways found to be critical for
efficient HCMV internalization and virus-induced “hyper”
cellular motility [26,27]. Furthermore, our results showed that
HCMYV engagement of each individual receptor (EGFR ws. B-
integrins) initiated specific changes in HCMV-infected monocytes,
such that viral binding of each receptor directed distinct events
that modulated viral entry and pathogenic cellular motility
[22,26,27]. Specifically for Bl and B3 integrins, HCMV engage-
ment triggers the activation of the Src/paxillin-signaling axis [27].
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Thus, HCMV appears to utilize receptor-initiated signal trans-
duction pathways in monocytes to shape the biology of these cells
despite the initial lack of viral gene expression and replication.

We propose that the ability of HCMV to induce distinct
combinations of signal transduction pathways resulting in HCMV-
specific functional changes in monocytes is determined by the
nature of the viral glycoproteins expressed on the mature viral
envelope. HCMV possesses several major envelope glycoprotein
complexes with the glycoprotein B (gB) and glycoprotein H (gH)
complexes being the apparent dominant signaling complexes
shown to interact with their cognate cellular receptors, EGFR and
B-integrins, respectively [28,29]. HCMV gB may also interact with
integrins on fibroblasts [29]. Nevertheless, at least on fibroblasts, it
appears that the gH complex is the dominant glycoprotein
complex responsible for binding to integrins - a receptor-ligand
engagement implicated in HCMV entry [28]. With our new data
showing that appropriate integrin signaling is required for efficient
HCMV entry into blood monocytes, we have now focused our
studies on understanding the biological consequences of the gH-
integrin interaction. HCMV expresses several types of gH
complexes: a dimeric gH/gl. complex, a trimeric gH/gL/gO
complex, which is sufficient for attachment to and infection of
fibroblasts [30,31], and a multimeric gH/gl.,/UL128-131 com-
plex, which is required for infection of dendritic, endothelial, and
epithelial cells [31-34], virus transfer to leukocytes [30] and,
according to a recent report, the infection of monocytes [35]. The
gH/glL./ULI128-131 complex is made of five proteins: gH, gL, the
ULI128 protein (pUL128), pUL130 and pULI31. It is only found
expressed on clinical strains of HCMV and is not present or is
non-functional in laboratory-adapted strains (i.e. AD169) that
have been extensively cultured in fibroblasts [30,36-39]. More-
over, coding sequences of the UL128, UL130 and UL131A genes
are conserved between clinical isolates, suggesting the importance
these three proteins play during n vwwo infection [40]. Nevertheless,
the mechanism by which the gH/gL/UL128-131 complex
promotes viral attachment and entry is unknown. It has been
argued that the presence or absence of the UL128-131 complex
dictates tropism due to the capacity of this complex to bind to
different cell types [41]. We postulate that this idea is an
oversimplification of the role the ULI28-131 complex plays
during infection; that is, this region not only dictates binding, but it
also dictates the type and/or levels of receptor-mediated signaling
in target cells.

To investigate the role the gH/gL./UL128-131 complex plays in
the ability of HCMV to induce signal transduction pathways in
target monocytes, we used an AD169 clone (BADw) produced
from a bacterial artificial chromosome (BAC), containing a
frameshift mutation in UL131A, and the virus (BAD/ULI131)
containing a repaired and functional gH/gl./UL128-131 complex
[31]. Here, we demonstrated that in monocytes only BAD/UL131
is able to induce the integrin/Src/paxillin-signaling pathway — a
signaling axis we previously showed to be critical for efficient
HCMV entry into and enhanced motility of target monocytes
[27]. We also show in this current report that this signaling is
reversed in fibroblasts, such that BADwt 1s the only virus able to
induce the paxillin activation cascade. In addition, the presence of
the gH/gl./UL128-131 complex appears to have an inhibitory
effect on integrin-mediated signaling in fibroblasts. Furthermore,
our studies reveal that the presence of the gH/gL/UL128-131
complex on the viral envelope, through its activation of the
integrin/Src/paxillin pathway, is necessary for efficient HCMV
internalization into monocytes and productive infection in
monocyte-derived macrophages. Additionally, the entry efficiency
of these viruses (with and without the ULI128-131 complex) was
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unchanged during infection of wild type or paxillin-deficient
fibroblasts, strongly suggesting contrasting mechanisms of entry
into monocytes vs. fibroblasts. Our results indicate that the gH/
gL/UL128-131 complex promotes viral internalization through
the regulation of actin rearrangement and dynamin, suggesting a
macropinocytosis-like route of entry into target monocytes [42—
44]. From our data, the HCMV gH/gL/U128-131 complex
emerges as the specific ligand that is necessary for the activation of
the receptor-mediated signaling pathways required for the
regulation of the actin cytoskeleton and, consequently, for efficient
and productive internalization of HCMV into monocytes.
Together, our new studies are the first to document a possible
molecular mechanism for why the gH/gL/UL128-131 complex
dictates HCMV tropism and why there is a selective pressure to
lose this complex as clinical isolates are passaged in the laboratory.

Results

Expression of the gH/gL/UL128-131 complex on HCMV
strains links the activation of the integrin/Src-mediated
signaling pathway to efficient viral internalization into
target monocytes

Our results demonstrated that the virus functions as a specific
ligand that, through the engagement of integrins and activation of
downstream signal transduction pathways, is able to modulate
monocyte biology. However, the specific ligand on the viral lipid
membrane responsible for inducing the integrin/Src-signaling
pathway has not been revealed. In an attempt to answer this
question, we began to focus on the HCMV gH complexes, as they
were shown to be the predominant HCMV glycoprotein
complexes reported to interact with integrins on fibroblasts [28],
and because the gH/gl./UL128-131 complex was documented to
be required for endothelial/epithelial and monocyte tropism
[30,31,34,35,45]. We first investigated if there was a correlation
between the presence of the gH/gl.,/UL128-131 complex on the
viral envelope and the ability of several HCMV strains to induce
the key integrin/Src-signaling pathway. In our studies, we used
HCMYV strains containing the gH/glL./UL128-131 complex [our
low fibroblast-passaged Towne (Towne/E p.40), a moderately
fibroblast-passaged Towne/E (Towne/E p. 51) and TB40/E
[39]], as well as viral strains lacking this complex [a highly
fibroblast-passaged Towne (Towne/F p. 57), AD169 and TB40/F
(a high passage TB40/E [39])]. Using a monoclonal antibody
recognizing pULI30 (utilized as a surrogate marker for the
UL128-131 complex), we found in virus lysates that the TB40/E
strain possessed the highest level of pULI30 and that the
continuous propagation of the Towne/E strain in fibroblasts
caused a stepwise reduction in the expression of pUL130, such
that the protein was no longer detectable in our Towne strain by
passage 57 (Towne/F p.57; Figure 1A, lower panel). pUL130 was
also not detected in fibroblast-adapted strains (AD169 and TB40/
). These results are in accord with previous reports demonstrating
genetic changes in the ULI128-131 region in clinical isolates
propagated in fibroblasts [36,39]. As an internal control, we
examined levels of the HCMV tegument protein, pp65 (pULS83),
in viral lysates (Figure 1A, upper panel). Similar amounts of pp65
were detected in each of the viral strains, suggesting similar
particle to PFU ratios were used during infection of cells with the
different viral strains. Monitoring of infected fibroblasts with the
different virus strains supports our suggestion of a similar number
of infectious particles per strain.

Next, we tested our panel of HCMYV strains for their ability to
induce integrin-mediated signaling. Src tyrosine kinases are
established regulators of cellular signaling mediated by integrins
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[46-49], however their activity can also be initiated by other
cellular receptors [50-53]. Similarly to our previous results [27],
here we show that infection of monocytes with Towne/E p.40
caused an increase in the phosphorylation of Src at Tyr416 (~2
fold increase), when compared to mock-infected monocytes
(Figure 1B). Infection with TB40/E had a stronger effect on Src
activation (~3 fold increase over mock); than that observed
following infection with Towne/E p.40 (Figure 1B), which
correlated with a higher amount of pUL130 in the TB40/E viral
particle vs. that seen in the Towne/E p.40 viral particle (Figure 1A).
The highly passaged HCMYV strains lacking a functional gH/gL/
UL128-131 complex, however, were unable to initiate Src
phosphorylation (I'B40/F) or were inhibitory to Src activation
(Towne p.57 and AD169) upon infection of monocytes (Figure 1B).
In addition, the initial activation of Src by Towne/E p.40 and
TB40/E resulted in the activation of a downstream signaling
cascade, measured by phosphorylation of p70 S6 kinase (p70 S6K)
at Thr389 (4.6- and 6.2-fold increase, respectively, over those
levels seen in mock-infected cells; Figure 1B).

Because the activation of the integrin/Src-signaling pathway
was demonstrated to be critical for efficient HCMV entry into
monocytes [27], we next investigated the ability of HCMV strains
expressing different levels of the gH/gl./UL128-131 complex to
efficiently enter monocytes. We only observed efficient entry of
Towne/E p.40 and TB40/E into monocytes, as indicated by the
presence of internalized viral genomic DNA (Figure 1C). In
contrast, the signal from the internalized HCMV genomic DNA
was significantly lower in cells infected with Towne/F p.57,
AD169 and TB40/F (Figure 1C). Equal loading of samples was
ensured by examining the level of GAPDH expression (Figure 1C).
Together, our results suggest a link between the presence of the
functional gH/gLL/UL128-131 complex on the viral envelope and
the ability of HCMV to induce the integrin/Src-mediated
signaling pathway required for efficient viral entry into target
monocytes. In addition, because we used viral strains differentiated
only by passage length (which in turn relates to cell tropism), our
data provides support for the specific role that UL128-131 plays in
these specific strains (TB40/E vs. TB40/F and Towne/E vs.
Towne/T); at present we are not aware of other mutations that
may be present in these different passaged strains. These data also
support our previous observation of the critical role for the
integrin/Src-signaling in efficient HCMV internalization into
monocytes [27].

The aforementioned results suggest that the gH/gL/UL128-
131 complex may physically engage cellular integrins on the
surface of monocytes to initiate receptor-mediated signaling.
Furthermore, we speculated that the gH/gL./UL128-131 complex
not only bound integrins, but that it might engage only select
integrins differentiating the biological effect caused by the gH/gL
complex without the UL128-131 trimer from that of the gH/gL
complex with the UL128-131 trimer. Thus, we next immunopre-
cipitated from HCMV-infected monocytes Bl or B3 integrins,
receptors previously found to interact with the HCMYV virion on
these cells [27], as well as on other cell types [28,54,55], and
investigated if the UL128-131 complex was capable of engaging
these integrins. To pull down sufficient amounts of interacting
proteins for their visualization using western blot analysis, we
utilized the DTSSP crosslinker to stabilize the interactions. We
chose this crosslinker as it allows the dissociation of crosslinked
complexes by 5% B-mercaptocthanol and a separation of the
individual proteins in those complexes using a standard SDS-
PAGE analysis [56]. We found that pull down of Bl and B3
integrins from TB40/E- and AD169-infected monocytes resulted
in the finding that the gH protein only interacts with B1 integrins
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Figure 1. Presence of the gH/gL/UL128-131 complex links HCMV's ability to activate and efficiently enter into target monocytes. (A)
Approximately 2x10° virions of Towne (p.40, p.51 and p.57), AD169, TB40/E and TB40/F were spun down through a sucrose cushion, lysed and
western blot analyses were performed using antibodies recognizing the HCMV proteins, pp65 and pUL130. (B) Monocytes were isolated and cultured
in low serum for 24 h at 37°C/5% CO,. Monocytes were then mock- or HCMV (Towne p.40, Towne p.57, TB40/E, TB40/F, AD169)-infected (M.O.I. of 5)
and harvested at 15 min. pi. Western blot analyses were performed using antibodies specific for the phosphorylated and non-phosphorylated forms
of Src and p70 S6 kinase. Actin was used as a loading control. The results were also measured by densitometry with relative numbers shown in the
figure. (C) Monocytes were mock infected or HCMV (Towne p.40, Towne p.57, TB40/E, TB40/F, AD169) infected (M.O.l. of 0.1) for 1 h at 4°C, then
temperature shifted to 37°C for 1 h. Monocytes were washed and treated with Proteinase K solution for 1 h. Monocytes were then harvested and
semi-quantitative PCR was performed using primers complementary to genomic HCMV DNA and cellular GAPDH, as an internal control. PCR reactions
were analyzed by agarose gel electrophoresis using ethidium bromide. (D, E, F, G, H, | and J) Monocytes were mock- or HCMV (TB40/E or AD169)-
infected (M.O.l. of 5) for 1 h at 4°C, then 2 mM of DTSSP [3,3’-dithiobis (sulfosuccinimidylpropionate] was added at 4°C for additional 2 h. Cells were
spun down and lysed. Antibodies recognizing B1, B3 integrins, HCMV gH or isotype control IgG were added overnight at 4°C to cellular lysates and
then protein A/G Sepharose was added for 4 h at 4°C. Protein A/G Sepharose beads with bound protein complexes were spun down, washed with a
lysis buffer and resuspended in sample buffer. Western blot analyses were performed using antibodies recognizing $1 and 3 integrins, as well as the
HCMV gH and pUL130. Lysates from HCMV-infected monocytes were also analyzed for equal levels of B1, B3 integrins and actin in samples
undergoing immunoprecipitation. All experiments were repeated at least three times and representative results are shown. Note: The arrows point to
the band of interest. The asterisks mark non-specific bands. (K) The schematic diagram describes our cumulative data from the immunoprecipitation
analysis; illustrating the interaction between the gH/gL/UL128-131 complex of TB40/E strain or gH/gL/(gO) complex of AD169 strain with cellular
integrins.

doi:10.1371/journal.ppat.1003463.g001

(Figures 1D and 1E). As the lack of gH protein in B3 integrin- lysate of TB40/E-infected cells, we confirmed that gH of TB40/E
immunoprecipitate does not necessary mean the lack of interaction interacts exclusively with Bl integrin (Figure 1F). However, the
between these proteins, the reverse immunoprecipitation was immunoprecipitation of the gH protein from the lysate of AD169-
performed. By immunoprecipitating the gH protein from the infected monocytes suggested that this HCMV glycoprotein can
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interact with both Bl and B3 integrins (Figure 1G). More
importantly, we found that pUL130 present in the gH/gL/
UL128-131 complex of TB40/E strain engages both Bl and B3
integrins on the surface of monocytes (Figure 1D). As predicted
pUL130 was not detected in immunoprecipitates from monocytes
infected with AD169 strain (Figure 1E). As a control for a non-
specific binding, we performed immunoprecipitation analyses on
lysates from infected monocytes using an IgG isotype matched
antibody. We did not detect any signal in our immunoprecipitated
samples; however the specific antibodies (to gH and pULI130)
recognized viral proteins in the input viral lysate (Figure 1H).
Additionally, an immunoprecipitation assay performed on mock-
infected cells using an antibody recognizing HCMV gH did not
result in a pulldown of the B1 and B3 cellular integrins (Figure 11).
In contrast, antibodies recognizing the Bl and B3 integrins did
detect the appropriate integrins in the input lysate (Figure 1I).
Western blot analysis also determined that there were equal
amounts of cellular proteins in cell lysates used in our co-
immunoprecipitation experiments (Figure 1J). The data together
suggest that different components of the gH/gL/UL128-131
complex interact on the surface of monocytes with the distinct
integrins that we previously showed were important for enhanced
motility of and efficient entry into target monocytes [27]. This
ability of viruses expressing the UL128-131 complex to bind to the
Bl integrin (via gH) and to both Bl and B3 integrins (via the
UL128-131 complex) provides new data as to why HCMV
requires both integrins for entry into monocytes [27] (Figure 1K).
The results also suggest why only a single B-integrin is likely
required for HCMV entry into fibroblasts [28,55]. Our findings
may provide an explanation of why BI integrins are key regulators
of monocyte function as described by Yurochko ¢t al. [57]. Based
on our new results, we speculate that the interaction of the UL128-
131 with B1 and B3 integrins may allow for a unique, synchronous
engagement and activation of both Bl and B3 integrins by
HCMV, which through the creation of the appropriate type and
level of integrin-mediated signaling allows for efficient viral entry
and the early functional changes in infected monocytes to occur.

The HCMV gH/gL/UL128-131 complex is critical for the
functional activation of the integrin/Src-mediated
signaling pathway and for efficient viral internalization
into target monocytes

Long-term passaging of HCMYV in fibroblasts alters the virus’s
genetic composition and those changes are not only limited to the
UL128-131 region of the genome [34,37,58-60]. Consequently, in
order to determine if the gH/gLL/UL128-131 complex is directly
responsible for the initiation of integrin signaling, leading to
efficient HCMV internalization into monocytes, we decided to
utilize two well-characterized bacterial artificial chromosome
(BAC)-based, AD169-derived clones: BADwt, which contains a
frame shift mutation in UL131A, and BAD/ULI131, which
possesses a repaired UL131 locus and thus has a functional gH/
gL./UL128-131 complex [31]. We confirmed that pUL130 was
only detected in lysates of BAD7UL131 virus, and not in lysates
from BADwt (Figure S1A). As a control, we used the AD169 strain
that, as showed in Figure 1A, does not express the gH/gLL./UL129-
131 complex and the TB40/E strain that possesses the pentameric
complex on its envelope (Figure S1A).

We next investigated the ability of these viruses to induce the
integrin/ Src-signaling pathway. By using western blot analyses, we
determined that BAD/UL131 was able to increase the level of
phosphorylated Src above the levels seen in mock- and BADwt-
infected monocytes (Figure 2A). Figure 2A shows a representative
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western blot experiment with a densitometry analysis, demon-
strating 1.6-fold increase of Src activation in BAD/Ull31-infected
monocytes compared to that seen in mock-infected cells. A
cumulative densitometry analysis of Src activation in infected
monocytes that incorporates results from three repeats of the
experiment showed significant changes in the level of phosphor-
ylated Src in BAD/ULI131-infected cells, when compared to mock-
and BADwt-infected cells (Figure S1B). Furthermore, the initial
activation of Src in BAD/ULI31-infected monocytes translated
mnto the activation of downstream signaling, resulting in increased
levels of phosphorylated paxillin (2.4-fold increase), Erk (2-fold
increase) and SAPK/JNK (3.6-fold increase), compared to those
seen in mock-infected cells (Figure 2A). We also noticed that there
was a lower level of phosphorylated forms of Erk and SAPK/JNK
in BADwt-infected cells, compared to mock-infected monocytes
(Figure 2A), suggesting that BADwt infection may have a slight
inhibitory effect on the integrin/Src-signaling pathway in target
monocytes. We did not observe any significant differences in levels
of total Src, paxillin, or Erk. These results not only substantiate the
importance of the gH/gl./UL128-131 complex in the activation
of integrin-mediated signaling and validate our previous studies
demonstrating the ability of HCMV to engage cellular integrins
and to induce the integrin/Src/paxillin signaling pathway in
infected monocytes [27], but they further provide insight into how
HCMV stimulates integrin receptors on target monocytes.

The data presented so far strongly support a clear correlation
between the presence of a functional HCMV gH/gL./UL128-131
complex on the viral envelope and the ability of the virus to trigger
integrin/Src-signaling in target monocytes. Therefore, we next
examined the ability of BADwt and BADrUL131 to enter target
monocytes using HCMV entry assay [26,27]. Based on the level of
mternalized vDNA in infected monocytes, we found that
BADsUL131 was more efficiently (~3-fold) internalized into
monocytes, when compared to BADwt (Figure 2B). The differ-
ences in entry seen between BADw¢ and BAD/UL131 were not
due to the ability of these viruses to differentially bind monocytes;
we did not observe any significant changes in the binding
properties of BADwt and BAD/ULI31 to monocytes (Iigure
S1C). We also analyzed the ability of the endotheliotropic TB40/E
vs. the non-endotheliotropic TB40/F strains to enter monocytes.
TB40/F lost its ability to infect endothelial cells, likely due to a
frameshift mutation in UL128 gene region [37,39,59], as a result
of its prolong passaging in fibroblasts. Our results showed that
TB40/E was more efficiently (~3 fold increase) internalized into
monocytes than TB40/F. The efficiency of TB40/E internaliza-
tion into monocytes was similar to that observed following
infection with BAD/ULI131 (Figure 2B). As a control, infected
cells were also kept at 4°C without a temperature shift to 37°C.
Using this assay, we determined that basal levels of HCMV
genomic DNA in cells kept at 4°C was comparable to the levels of
BADwt and TB40/F internalization into monocytes at 37°C
(Figure S2A). We speculate that even though we saw very low level
of viral internalization at 4°C, this entry does not re