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HSVs enter cells in a receptor-dependent [nectin1 or herpesviruses
entry mediator (HVEM)] fashion by fusion of the viral envelope
with plasma membrane (neutral pH compartment), by endocytosis
into neutral or acidic compartments, or by macropinocytosis/
phagocytosis. The cellular determinants of the route of entry are
unknown. Here, we asked what cellular factors determine the
pathway of HSV entry. CHO cells lack β3-integrin and the respective
α-subunits’ heterodimers. We report that, in the absence of αVβ3-
integrin, HSV enters CHO-nectin1 cells through a pathway indepen-
dent of cholesterol-rich rafts and dynamin2. In the presence of
αVβ3-integrin, HSV enters CHO-nectin1 cells through a pathway
dependent on cholesterol-rich rafts and dynamin2. HSV enters J-
nectin1 and 293T cells through a neutral compartment independent
of cholesterol-rich rafts and dynamin2. αVβ3-integrin overexpres-
sion in these cells modifies the route of entry to an acidic compart-
ment dependent on cholesterol-rich rafts and dynamin2, hence
similar to that in αVβ3-integrin–positive CHO-nectin1 cells. In some
cells, the diversion of entry from an integrin- and raft-independent
pathway to an acidic compartment requiring cholesterol-rich lipids
rafts and dynamin2 is irreversible. Indeed, HSV cannot infect
CHO-nectin1-αVβ3 cells through any compartment when the αvβ3-
integrin–dependent pathway is blocked by anti-integrin antibody,
anti-dynamin2, or anti-acidification drugs. We conclude that the
αvβ3-integrin is a determinant in the choice of HSV entry path-
way into cells. Because the pathway dictated by αvβ3-integrin is
through lipid rafts, the platforms for a number of Toll-like recep-
tors, current findings raise the possibility that αvβ3-integrin acts as
a sentinel of innate immunity.

virus entry | virus internalization

Studies of the past years highlighted that the same virus can
enter different cells through different pathways and that the

same cell enables entry of different viruses through different
pathways. Each virus entry pathway is defined by a set of factors,
among which are the coat proteins that wrap the endocytic inva-
ginations/vesicles (e.g., clathrin and caveolin), scission factors
that pinch off membrane invaginations (e.g., dynamin2), actin
involvement, etc. (1). So far, little attention has been paid to the
cellular determinants that route a given virus to one or another of
the alternative entry pathways.
HSV is an important pathogen for the human population and is

being developed as a tumor-specific oncolytic agent (2). It enters
cells by fusion of the virion envelope with plasma membranes or
after endocytosis through neutral or acidic compartments [in-
sensitive or sensitive to bafilomycin A (BFLA), respectively]. In
some cells, it may enter by macropinocytosis/phagocytosis (3–8).
Four virion glycoproteins are required for HSV to enter cells (9).
Glycoprotein D (gD) serves as the receptor-binding glycoprotein,
which is able to bind alternatively the two major receptors nectin1
and herpesvirus entry mediator (HVEM) (10–12). gD also trig-
gers gH/gL and ultimately, gB to execute fusion (13–15). Inas-
much as the HSV entry pathways are cell line-dependent, the
choice as to which route is taken by incoming HSV is determined
by the cell itself. The determinants in this choice are not the gD

receptors. Specifically, wt-CHO and wt-J cells fail to express the
gD receptors and therefore, are intrinsically resistant to HSV
infection. When transfected with either nectin1 or HVEM, they
become susceptible to HSV (10–12). However, entry into CHO-
nectin1 or CHO-HVEM cells is through acidic endosomes, irre-
spective of which gD receptor is being expressed. In contrast,
entry into J-nectin1 or J-HVEM cells is through a neutral com-
partment (i.e., either the plasma membrane or neutral endosomes,
again irrespective of the expressed receptor) (5, 6). Altogether,
these data emphasize that routing of HSV to acidic endosomes or
a neutral compartment is determined by as yet unknown cellular
factors other than the gD receptors.
Integrins are cell surface glycoproteins made of an α- and a β-

subunit (16). They trigger several endocytic pathways and con-
tribute to a variety of functions, mainly cell–cell and cell–matrix
adhesion and signal transduction (17–20). They serve as recep-
tors for a number of viruses (21), including some herpesviruses,
EBV, human cytomegalovirus (HCMV), and Kaposi’s sarcoma-
associated herpesvirus (KSHV) (22–26). For HSV, our laboratory
did not find evidence for interaction of a soluble form of gH/gL
with αVβ3-integrin in contrast to a previous report (27, 28).
CHO cells are β3-integrin negative (28). Here, we generated

CHO-nectin1 cells expressing αVβ3-integrin and thus, could com-
pare HSV infection in αVβ3-integrin–positive and -negative cells.
In addition, we overexpressed αVβ3-integrin in J-nectin1 cells as
well as in 293T and HT29 cells. We report that αVβ3-integrin
redirects the entry pathway of HSV. In the presence of αVβ3-
integrin, entry into CHO-nectin1 cells became sensitive to cho-
lesterol-depleting compounds and factors that interfere with
dynamin2. In αVβ3-overexpressng J and 293T cells, the entry was
converted to an acidic compartment, and similarly to that in
CHO-nectin1-αVβ3 cells, it became sensitive to cholesterol de-
pletion and dynamin2. Thus, αVβ3-integrin, although an accessory
factor, routes the pathway of HSV entry.

Results
Generation of CHO-Nectin1 and J-Nectin1 Cells Overexpressing Human
αVβ3-Integrin. CHO cells express endogenous αV- but not β3-
integrin (28) and were the reference cells in this study. J cells
were included for comparison, because they sustain a neutral
HSV entry pathway, in contrast to the acidic pathway in CHO
cells (5). Nectin1δ and -α splice variants share the ectodomain
(nomenclature according to UniProtB/Swiss-prot Q15223). The
cytoplasmic tail of the δ- but not the α-isoform binds afadin PDZ
domain and interacts with actin (29).
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To generate CHO-nectin1δ (CHO-N1δ), CHO-nectin1α
(CHO-N1α), and J-nectin1α (J-N1α) cells differing with respect
to αVβ3-integrin expression (named CHO-N1δ-αVβ3, CHO-N1α-
αVβ3, and J-N1α-αVβ3), cells were cotransfected with nectin1 ±
αV- and β3-integrin plasmids, selected for neomycin G418 re-
sistance, and cloned. Fig. 1 shows αVβ3-integrin and nectin1 ex-
pression as detected by immunofluorescence assay (IFA).

Inhibition of HSV Infection by mAb L230 to αVβ3-Integrin. To test
whether αVβ3-integrin plays a role in HSV-1 infection, we mea-
sured whether mAb L230 inhibits HSV-1 infection. mAb L230
binds αV-integrin, blocks αVβ3-integrin interaction with its natural
ligands—generally through their RGD (Arg-Gly-Asp) motif—
and therefore, is classified as a function-blocking mAb (30). To
quantify HSV infection, we used R8102 recombinant, which car-
ries a lacZ gene under the immediate-early α27 promoter. A large
body of evidence indicates that R8102 β-Galactosidase (β-Gal)
expression is a quantitative indicator of the extent of HSV entry
(11, 12). Cells were exposed tomAb from1 h before infection until
harvesting at 6–8 h after infection. Fig. 2 shows that mAb L230
inhibited HSV infection in the αVβ3-integrin–positive CHO-N1δ

Fig. 1. Expression of αVβ3-integrin (B, D, F, H, J, and L) and nectin1 (A, C, E,
G, I, and K) in CHO and J cell derivatives as detected by IFA with mAbs LM609
to αVβ3-integrin (Chemicon), R1.302 to nectin1, and fluorescein iso-
thiocyanate anti-mouse IgG (Sigma Aldrich). Cells were paraformaldehyde
fixed. Pictures were taken in a Nikon Eclipse €600 microscope equipped with
a Nikon digital camera DXM 1200F.

Fig. 2. Effect of mAb L230 on R8102 infection (A–F) and αVβ3-integrin cell
surface expression (G). (A and B) CHO-N1δ-αVβ3 (A) or CHO-N1α-αVβ3 (B)
cells were exposed to indicated concentrations of mAb L230▲ or control
IgGsΔ for 1 h, infected with R8102 (3 pfu/cell) in the same medium, and
overlaid with mAb-containing medium until harvesting. In A–G, the extent
of infection was quantified from the Lac-Z gene engineered in the viral
genome under the immediate-early α27 promoter. Cells in 96 wells were
fixed at 6–8 h after infection. Extent of β-Gal activity reflects the amount of
infection. Each point represents triplicates’ average; 100% infection is the
value obtained with no antibody. Bars show SD. (G) Expression of αV- and
β3-integrin was measured by cell ELISA (CELISA) with mAbs L230 and AP3,
respectively (30, 31). Cells in 96 wells in triplicates were fixed with 4%
formaldehyde and reacted with mAbs followed by anti-mouse peroxidase.
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(Fig. 2A) and CHO-nectin1α (Fig. 2B) cells in a dose-dependent
manner, indicating that the effect was independent of nectin1
interaction with actin. Mouse IgGs had no effect (Fig. 2, open
symbols). Importantly, the finding that mAb L230 inhibits in-
fection implies that, in CHO-N1-αVβ3 cells exposed to mAb L230,
both the integrin-dependent and -independent pathways func-
tional in CHO-nectin1 cells are precluded.
Next, we asked whether mAb L230 inhibits HSV infection in

human cells. We focused on the cell line HT29 (reported to be
αVβ3-integrin–negative but -positive in our investigations) (28),
293T cells (widely used for high-transfection capacity), SW480
cells (highly susceptible to mAb L230; see below), and I143 cells
(sustain a neutral pH-dependent pathway of HSV entry). HT29
cells overexpressing αVβ3-integrin (HT29αVβ3) were described
(28); 293 cells overexpressing αVβ3-integrin (293αVβ3) were gen-
erated by transient transfection. The results in Fig. 2 C–F show
that mAb L230 inhibited HSV infection strongly in human SW480
cells (Fig. 2E), but not in I143 cells (Fig. 2F), at intermediate levels
in HT29 and 293T cells (Fig. 2 C and D). Inhibition was higher in
HT29αVβ3 and 293αVβ3 cells than in their WT counterparts. The
extent of αV- and β3-integrin expression in the human cell lines
is shown in Fig. 2G. αV-integrin expression was highest in SW480
cells, somewhat lower inHT29αVβ3 and 293αVβ3 cells, intermediate
in wt-293T and HT29 cells, and low in I143 cells. In contrast, the
extent of β3-integrin expression was relatively uniform, except for
the low level in I143 cells. Thus, to a large extent, the extent of
inhibition by mAb L230 reflected the level of αV-integrin expres-
sion, which likely represented the limiting factor in αVβ3-integrin
heterodimer formation. The nonfunction-blocking mAbAP3 (31)
to β3-integrin did not significantly modify HSV infection (Fig. S1).
Nonimmune IgGs exerted no significant inhibition (Fig. 2, open
symbols). The results provide evidence that αv-integrins, particu-
larly αVβ3-integrin, participate in HSV infection.
Inhibition of HSV infection by mAb L230 was surprising, be-

cause CHO-nectin1 and CHO-HVEM cells, which lack β3-
integrin (28), are readily infected by HSV. Collectively, these
data indicate that αVβ3-integrin is a nonessential factor in HSV
entry; however, when present, it does play a critical role. We
hypothesized that αVβ3-integrin serves as a routing factor capa-
ble of influencing the path and intracellular route taken by in-
coming HSV. To test this hypothesis, we measured the effect of
validated inhibitors that target different endocytic pathways in
CHO-N1 and J-N1 cells, positive or negative, for αVβ3-integrin.

HSV Infection Is Dependent on Cholesterol-Rich Rafts in αVβ3-Integrin–
Positive Cells. To test whether the αVβ3-integrin–dependent entry
requires cholesterol-rich rafts, we exposed cells to the cholesterol-
depleting drugs nystatin or filipin. Cells were preincubated with
filipin for 30 min, infected in the same medium for 30 min, or
preincubated with nystatin for 16 h and infected in medium con-
taining no inhibitor. Inhibitors were absent after infection. HSV
infection was inhibited in a dose-dependent manner in αVβ3-
integrin–expressing CHO-N1 and J-N1 cells but not in their αVβ3-
integrin–negative counterparts (Fig. 3 A–C and G–I). Nystatin or
filipin inhibited infection by about 40–50% in the human cell lines
SW480 and about 20% in I143 and HT29 cells. αVβ3-integrin
overexpression inHT29and293T increased the extent of inhibition
(Fig. 3 D, E, J, and K). For nystatin and filipin, as well as all
inhibitors testedbelow,wedetermined cell viability byAlamarBlue
staining of replicate specimens at the highest inhibitor concentra-
tion. Cell viability was generally around 90% (cumulative results
reported in Table S1). The results suggest that (i) the presence of
αVβ3-integrin in both CHO-N1 or J-N1 cells rendered HSV in-
fection sensitive to the cholesterol-sequestering compounds and
(ii) the pathway of HSV infection into 293T and SW40 cells re-
sembled the pathway into CHO-N1-αVβ3 cells and likely involved
cholesterol-rich lipid rafts. This pathway differed from those in
CHO-N1, J-N1, and I143 cells, which do not involve lipid rafts.

HSV Infection of αVβ3-Integrin–Positive Cells Requires Dynamin2. The
pinching-off factor dynamin2 is a key component of and differ-
entiates between different endocytic pathways. Dynasore is a
specific inhibitor of dynamin1 and dynamin2 (32). It was added
to culture medium from 1 h before infection until harvesting. Fig.
4 A–C shows that HSV infection was highly sensitive to this in-
hibitor in CHO-N1δ, CHO-N1α, and J-N1α cells positive for
αVβ3-integrin but not in the αVβ3-integrin–negative counterparts.
With respect to human cells (Fig. 4 D–F), dynasore was very ef-
fective in SW480, HT29αVβ3, and 293TαVβ3 cells, somewhat less
in wt-HT29 and 293T cells, and even less in I143 cells. The
results highlight a role for dynamin2 in HSV infection of the
αVβ3-integrin–expressing cells CHO-N1 and J-N1 and three hu-
man cells under examination (SW40, HT29, and 293T), with
lowest sensitivity exhibited by I143 cells.
To provide genetic evidence for dynamin2 involvement, we

tested the effect of the dominant negative (DN) DynK44A-GFP,
which was tagged withGFP and impaired in scission activity. CHO
derivatives were transfected with DynK44A-GFP or wt-DynGFP and
infected with R8102. DynK44A-GFP inhibited infection by about
60–70% relative to DynGFP only in αVβ3-integrin–expressing cells
(Fig. 4G). Given that the efficiency of transfection under these
conditions is in the range of about 60%, the inhibition figures
underestimate the extent of DynK44A-GFP inhibition.
Cumulatively, the results provide evidence that HSV infection

of the αVβ3-integrin–positive CHO-N1 and J-N1 cells as well as
the human SW480, HT29, and 293T cells is strongly dependent
on dynamin2.

Fig. 3. Effect of the cholesterol-sequestering drugs nystatin (A–F) and fili-
pin (G–L) on R8102 infection of indicated cell lines. Nystatin at indicated
micromolar concentrations was present for 16 h before infection and re-
moved at the time of R8102 infection (3 pfu/cell). Filipin was present for 30
min before infection and during 30 min of virus attachment (30 pfu/cell). All
other details are as in Fig. 2. Cell viability at the highest concentration used is
reported in Table S1.
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HSV Infection Does Not Make Use of Caveolin1. A major dynamin2-
dependent endocytic pathway is caveolin1 (cav1)-dependent. To
test the role of cav1, we asked whether infecting virions coloc-
alize with cav1 at the time of virus infection and assayed the
effect of Cav1Y14A, a phosphorylation-defective mutant that acts
in a DN manner.
CHO-N1δ ± αVβ3-integrin cells were infected with partially

purified extracellular virions of K26GFP carrying UL26 capsid
protein tagged with GFP (33) and fixed at 1 and 2 h after in-
fection. No colocalization was detected, irrespective of the ex-
pression of αVβ3-integrin (Fig. 5 A and B, results shown for 1 h).
CHO-N1δ± αVβ3-integrin cells were transfected with Cav1Y14A

or wt-cav1 and infected with R8102. Cav1Y14A failed to inhibit
infection, irrespective of αVβ3-integrin expression (Fig. 5C). Thus,
HSV infection of CHO-N1 cells is not dependent on cav1, re-
gardless of whether αVβ3-integrin is present.

αVβ3-Integrin Enables Infection Through a LowpH-Dependent Pathway.
As mentioned above, HSV infection of CHO-N1δ or -N1α cells is
BFLA-sensitive, whereas HSV infection of J-N1α cells is not (3, 5).
To provide further evidence that αVβ3-integrin routes HSV to
a specific entry pathway, we asked whether J-N1α-αVβ3 cells in-
ternalize virus in a neutral or low-pH compartment. BFLA was
present from1h before infection until harvesting.Results inFig. 6C
show that αVβ3-integrin overexpression rendered J-N1α cell in-
fection sensitive to BFLA. A similar subversion was observed in
293TαVβ3 relative to wt-293T cells (Fig. 6D). As expected, nomodi-
fication was induced by αVβ3-integrin in infection of CHO-N1δ
and -α cells given that the pathway of entry in these cells is already
BFLA-sensitive, even in the absence of αVβ3-integrin (Fig. 6 A and
B). The results indicate that the pathwayofHSVentry into J-N1and

293T cells occurs through an acidic rather than neutral compart-
ment when cells overexpress αVβ3-integrin, and consequently, αVβ3-
integrin routes HSV to an acidic endocytic compartment.

Discussion
To infect cells, a macromolecule on the surface of virus particles
must react with a receptor on the cell surface. The actual pathway
of entry varies on both a virus- and cell-type basis. Moreover,
a given virus may enter different cell types by different pathways.
For example, HSV-1 can enter cells by fusion of the envelope
with the plasma membrane or after endocytosis through neutral
or acidic compartments; in some cells, it may enter by macro-
pinocytosis/phagocytosis. In all cases, HSV entry is mediated by
four glycoproteins on the virion envelope (gD, gH/gL, and gB)
and the specific interaction of the virion gD with either nectin1 or
HVEM receptors. The central question that we have posed in this
report is what cellular factors determine the pathway of HSV-1
entry into cells. To answer this question, we focused on several cell
lines but in particular, on cells that lack on their surface αVβ3-

Fig. 4. Involvement of dynamin2 in HSV infection of αVβ3-integrin–positive
cells. (A–F) Effect of dynasore on R8102 infection. Cells were exposed to
micromolar concentrations of dynasore before, during, and after R8102 at-
tachment. All other details are as in Fig. 2. Cell viability is reported in Table
S1. (G) Effect of the DN DynK44A dynamin2 mutant on R8102 infection of
indicated CHO cells. CHO-N1α or δ ± αVβ3-integrin cells were transfected with
wt-dynamin (wt-Dyn) or DynK44A, seeded in 96 wells after 24 h, and infected
24 h later with R8102 (3 pfu/cell). Details are as in Fig. 2; 100% is the β-Gal
value in cells transfected with wt-Dyn. Bars represent SD.

Fig. 5. Lack of involvement of cav1 in HSV infection. (A and B) Cells were
infected with K26-GFP at 4 °C, virus was rinsed off, and cells were shifted to
37 °C for 1 h. Cav1 was detected with PAb 3238 and Dylight 549 anti-rabbit
IgGs (red). No colocalization was observed by confocal microscopy. (C) Effect
of the DN Cav1Y14A or wt-cav1 on R8102 infection. Cells were transfected
with cav1 (wt-cav1) or Cav1Y14A, seeded in 96 wells after 24 h, and infected
24 h later with R8102 (3 pfu/cell). Details are as in Fig. 2; 100% is the β-Gal
value in cells transfected with wt-cav1. Bars represent SD.

Fig. 6. Effect of BFLA on R8102 infection of indicated cell lines. (A–F) Cells
were exposed to nanomolar concentrations of BFLA from 1 h before R8102
(3 pfu/cell) infection until harvesting. All other details are as in Fig. 2. Cell
viability is reported in Table S1.
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integrin. In the example that we selected, HSV-1 enters CHO cells
expressing nectin1 through an acidic compartment, independently
of cholesterol-rich rafts and dynamin2. In CHO-nectin1 cells over-
expressing αVβ3-integrin, HSV-1 enters through an acidic choles-
terol-rich rafts- and dynamin2-dependent pathway (for a summary
of inhibitors' results, see Table S2). HSV enters J-nectin1 and 293T
cells through a neutral compartment, likely the plasma membrane,
independently of cholesterol-rich rafts and dynamin2. Overex-
pression ofαVβ3-integrin reroutesHSV to an acidic, cholesterol-rich
rafts- and dynamin2-dependent compartment. Moreover, in the
presence of αVβ3-integrin, the pathway of entry into CHO-nectin1
cells becomes irreversible. Thus, a number of treatments (inhibition
of αVβ3-integrin signal transduction by a specific monoclonal anti-
body, cholesterol depletion, block of dynamin2, or of endosomal
acidification) prevent not only the αVβ3-integrin–dependent path-
way, but also the entry functional in the αVβ3-integrin–negative
CHO-nectin1 cells, characterized for being integrin-, cholesterol-
raft–, and dynamin2-independent. Other cells lines, including some
human cell lines, behave in a similar fashion. In particular, cells rich
in αVβ3-integrin (SW480) recapitulate the entry pathway seen in
αVβ3-integrin–overexpressing CHO-nectin1 cells. Conversely, cells
poor in αVβ3-integrin (I143) recapitulate the integrin-independent
pathway. The salient conclusion of the studies reported here is that
cell surface components direct the pathway of HSV entry. In par-
ticular, αVβ3-integrin routes HSV to a cholesterol-rich rafts– and
dynamin2–dependent acidic compartment. The results presented
here raise several questions that impact our understanding of the
biology of HSV and its entry into susceptible cells.
The foremost question relates to the mechanism by which

αVβ3-integrin routes HSV to a different pathway of entry. For
heuristic reasons, it is convenient to consider two nonexclusive
hypotheses. The first hypothesis is that αVβ3-integrin binds HSV-
1, and this triggers endocytosis of the virus. An alternative hy-
pothesis is that αVβ3-integrin modifies the cell surface to preclude
virus entry through the cholesterol-rich raft– and dynamin2–
independent compartment and for some cells (exemplified here
by J-nectin1 and 293T cells), through a nonacidic cholesterol-rich
raft– and dynamin2–independent compartment. There is no evi-
dence currently that any component of the virus directly interacts
with αVβ3-integrin (28). The second hypothesis predicts that αVβ3-
integrin does not interact with HSV-1 virions and that the re-
modeling of the cell surface or signaling activities is a function of
αVβ3-integrin that ultimately suppresses the pathway independent
of cholesterol-rich rafts and dynamin2.
The second issue concerns the large number of pathways of

HSV entry into cells and more specifically, the selective pressures
that generated these pathways. Numerous studies have shown
that entry of HSV into cells activates host innate immunity even
in the absence of viral gene expression (e.g., UV-inactivated vi-
rus) (34, 35). One relevant example is that virus particles lacking
gD and thus unable to proceed to an infectious entry are endo-
cytosed and degraded (36). It is noteworthy that many Toll-like
receptors reside in lipid rafts. Uptake of virions through choles-
terol-rich rafts may be a screening mechanism to identify and
signal the presence of potential pathogens. In this role, αVβ3-
integrin would become a sensor and a first line of defense against
HSV infection.

Materials and Methods
Cells and Viruses. HT29, 293T, I143, and J, a BHK-TK− (baby hamster kidney-
thymidine kinase−) derivative lacking HSV receptors) (12) cells were grown in
DMEM containing 5–10% FBS. CHO and colon carcinoma SW480 were grown

in F12 and L15 media, respectively; 293T cells transiently expressing αVβ3-
integrin (293TαVβ3) were transfected with αV- and β3-integrin plasmids (37)
or epidermal growth factor receptor 2 (HER-2) as negative control. CHO-
nectin1δ-αvβ3 (CHO-N1δ-αVβ3), CHO-nectin1δ (CHO-N1δ), CHO-nectin1α
(CHO-N1α), CHO-nectin1α-αVβ3 (CHO-N1α-αVβ3), J-nectin1α (J-N1α), and J-
nectin1α-vβ3 (J-N1α-αVβ3) were generated by cotransfection of appropriate
plasmids, neomycin G418 (400–800 μg/mL) selection for 5 d, and limiting
dilution cloning.

HSV R8102 recombinant expresses lacZ under the α27 promoter (12). The
K26GFP carries the UL26 capsid protein fused to GFP (33). The WT HSV-1(F)
was described (38).

Plasmids. Plasmids encoding nectin1δ (11), nectin1α (12), human αV-integrin,
human β3-integrin (39), andHER-2 (40)were described. DynGFP andDynK44A-GFP
(41) encodedynamin2 fused toGFP in theWTorDNversion (K44Asubstitution).
pCB7-Cav1 and pCB7-Cav1Y14A (42) encode cav1 in the WT or DN version.

Inhibition of Infection by mAbs to Integrin. Cells in 96 wells were preincubated
with indicated amounts of mAbs L230 (αv-integrin), AP3 (β3-integrin), or
mouse IgGs for 60 min at 37 °C. R8102 (3 pfu/cell) in 5 μL was added for
another 90 min. Viral inoculum was removed, and cells were overlaid with
DMEM containing mAbs. β-Gal activity was determined 6–8 h later by o-
nitrophenyl-β-D-galactopyranoside and optical density reading or in situ
staining with 5-bromo-4-chloro-3-indolyl-β-D-galactopyranoside (X-gal) (12).
Each point represents triplicates’ average. The value with untreated infected
cells was taken as 100%.

Inhibition of Infection by Pharmacological Inhibitors. Cells were pretreated
with inhibitors at the amounts indicated in Figs. 1–6 for 60 min at 37 °C and
were infected with R8102 (3 pfu/cell) for 90 min at 37 °C in the same me-
dium. Inoculum was removed, and cells were overlaid with DMEM con-
taining appropriate inhibitor for another 6–8 h. For filipin, cells were
preincubated with the compound at 37 °C for 30 min and infected for 30 min
(30 pfu/cell) in the same medium. For nystatin, cells were preincubated with
nystatin for 16 h, the inhibitor was removed, and cells were washed and
infected for 60 min at 37 °C (3 pfu/cell) in the absence of nystatin. With both
inhibitors, infected cells were overlaid without inhibitor. In all assays, each
point represent triplicates’ average.

Effect of DN Dynamin2 or Cav1 on Infection. CHO derivatives in T25 flasks were
transfected with 4 μg plasmid DNA encoding DynGFP, DynK44A-GFP, pCB7-
Cav1, pCB7-Cav1-Y14A, or HER-2 by Arrest-in (Euroclone). After 24 h, cells
were seeded into 96 or 24 wells on glass coverslips and were infected 24 h
later with R8102 (3 pfu/cell) for 1 h at 37 °C in triplicate. β-Gal activity was
measured as above 16 h later. Cells in glass coverslips were used to monitor
transgene expression.

Confocal Microscopy. Partially purified extracellular virions of K26-GFP (50
pfu/cell) were allowed to attach to CHO-N1δ or CHO-N1δ-αVβ3 cells for 2 h at
4 °C. Unabsorbed virus was removed, and cells were rinsed two times, shifted
to 37 °C for 0, 1, or 2 h, and paraformaldehyde-fixed and permeabilized with
0.1% Triton ×100. Cav1 was detected with polyclonal Ab 3238 (Cell Signal-
ing) and Dylight 549 anti-rabbit IgGs (Jackson Immunoresearch). Cells were
observed with a Leica TCS-SL confocal microscope. Images were collected
with a 63× Leica oil immersion objective (numerical aperture = 1.62); con-
focal slices were 1.0- to 1.5-μm thick.
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