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(57) ABSTRACT 
The present invention relates to methods and compositions 
for inhibiting the entry of viruses, such as herpesviruses into 
a host cell. A conserved viral integrin-binding gB disintegrin
like domain has been identified that engages integrins and 
facilitates viral internalization into the host cell. Therefore, 
methods and compositions, such as antiviral agents encom
passing the conserved gB disintegrin-like domain and anti
bodies thereto are described. These active agents interfere 
with the interaction between virions and cellular integrins, 
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Nl CAB37015.1 AJ236805 RVQSMAQGIDLIREERNIVQ (SEQ. ID. 29) 
N2 CAB37016.l AJ236806 RVQSMAQGIDLIRfERNIVQ (SEQ. ID. 29) 
N3 CAB37015.1 AJ236805 RVQSMAQGIDLIREERNIVQ (SEQ. ID. 29) 
N4 CAB37015.l AJ236805 RVQSMAQGIDLIREERNIVQ (SEQ. ID. 29) 
N5 CAB37015.1 AJ236805 RVQSMAQGIDLIREERNIVQ (SEQ. ID. 29) 
N6 CAB37015.l AJ236805 RVQSMAQGIDLIREERNIVQ (SEQ. ID. 29) 
N7 CAB37017.l AJ236807 RVQSMAQGIDLIREERNIVQ (SEQ. ID. 29) 
N8 CAB37015.l AJ236805 RVQSMAQGIDLIREERNIVQ (SEQ. ID. 29) 
N9 CAB37015.l AJ236805 RVQSMAQGIDLIREERNIVQ (SEQ. ID. 29) 
NlO CAB37015.1 AJ236805 RVQSMAQGIDLIREERNIVQ (SEQ. ID. 29) 
Nll CAB37021.1 AJ236811 RVQSMAQGIDLIRLERNIVQ (SEQ. ID. 30) 
N12 CAB37022.l AJ236812 RVQSLAQGIDLIREERNIVQ (SEQ. ID. 31) 
N13 CAB37025.l AJ236815 RVQSMAQGIDLIREERNIVQ (SEQ. ID. 29) 
Nl4 CAB37026.l AJ236816 RVQSMAQGIDLIREERNIVQ (SEQ. ID. 29) 
Nl5 CAB37027.1 AJ236817 RVQSMAQGIDLIREERNIVQ (SEQ. ID. 29) 
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N18 CAB37030.1 AJ236820 RVQSMAQGIDLIRKERNIVQ (SEQ. ID. 29) 
N19 CAB37031.l AJ236821 RVQSMAQGIDLIRKERNIVQ (SEQ. ID. 29) 
N20 CAB37032.1 AJ236822 RVQSMAQGIDLIREERNIVQ (SEQ. ID. 29) 
N21 CAB37033.1 AJ236823 RVQSMAQGIDLIREERNIVQ (SEQ. ID. 29) 
N22 CAB37038.1 AJ236828 RVQSMAQGIDLIREDRNIVQ (SEQ. ID. 32) 
N23 CAB37038.1 AJ236828 RVQSMAQGIDLIREDRNIVQ (SEQ. ID. 32) 
N24 CAB37038.1 AJ236828 RVQSMAQGIDLIREDRNIVQ (SEQ. ID. 32) 
N25 CAB37038.1 AJ236828 RVQSMAQGIDLIREDRNIVQ (SEQ. ID. 32) 
N26 CAB37038.1 AJ236828 RVQSMAQGIDLIREDRNIVQ (SEQ. ID. 32) 
N27 CAB37038.l AJ236828 RVQSMAQGIDLIRfDRNIVQ (SEQ. ID. 32) 
N28 CAB37039.1 AJ236829 RVQSMAQGIDLIREDRNIVQ (SEQ. ID. 32) 
N29 CAB37041.1 AJ236831 RVQSMAQGIDLIREERNIVQ (SEQ. ID. 29) 
N30 CAB37042.1 AJ236832 RVQSMAQGIDLIREERNIVQ (SEQ. ID. 29) 
N31 CAB37018.1 AJ236808 RVQSMAQGIDLIREERNIVQ (SEQ. ID. 29) 
N32 CAB37019.1 AJ236809 RVQSMAQGIDLIREERNIVQ (SEQ. ID. 29) 
N33 CAB37020.l AJ236810 RVQSMAQGIDLIREERNIVQ (SEQ. ID. 29) 
N34 CAB37019.1 AJ236809 RVQSMAQGIDLIREERNIVQ (SEQ. ID. 29) 
N35 CAB37015.1 AJ236805 RVQSMAQGIDLIREERNIVQ (SEQ. ID. 29) 
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N39 CAB37035.1 AJ236825 RVQSMAQGIDLIREERNIVQ (SEQ. ID. 29) 
N40 CAB37036.1 AJ236826 RVQSMAQGIDLIREERNIVQ (SEQ. ID. 29) 
N41 CAB37037.1 AJ236827 RVQSMAQGIDLIREERNIVQ (SEQ. ID. 29) 
N42 CAB37038.1 AJ236828 RVQSMAQGIDLIREDRNIVQ (SEQ. ID. 35) 
N43 CAB37040.1 AJ236830 RVQTMAQGID~IREDRNIVQ (SEQ. ID. 36) 
N44 CAB37038.1 AJ236828 RVQSMAQGIDLIREDRNIVQ (SEQ. ID. 35) 

AD169 CAA35414.1 CAA35414 RVQSMAQGIDLIRfERNIIQ (SEQ. ID. 34) 
Towne AAA45920.1 AAA45920 RVQSMAQGIDLIRfERNIVQ (SEQ. ID. 29) 

FIG 1A 



ADAM Disintegrin Loop CR ..... CDL .. F ...... C 
* * ** * * Herpesvirus Disintegrin-like R. C ...... DL .. F ..... C 

Human CMV 92-RVQSMAQGTDLIREERNIIQ-111 
Mouse CMV 1D9-RVQ-MSVSTDLVREGKSIDQ-127 
Rhesus CMV 67-RVQSMAQGTDLLREEGNINQ-86 

BETA: Baboon CMV 86-RVQSIAKGT~.FT.,REEQNIQQ-105 
Guinea Pig CMV 82-RIQSMSMGTDLVREARTIQQ-101 
Porcine CMV 81-RVQNMAVGTDLYREDNYITQ-100 
HHV 6a 39-RIQSIAKGTDLMREDRDISQ-58 
HHV 6b 39-RIQSIAKGTDLMREDRDISQ-58 
HHV 7 36-RIQSIATGTDLVREDREVSQ-55 

EBV 49-RVQELSSHGD~FRESSDIQQ-68 
KSHV 66-RVQSASITGE~FRENLEQTQ-85 

GAMMA: HVS 43-RVQSASTTGE~FREDLDRTQ-62 
RRV 62-RVQSASATGE~FRENLEKTQ-81 
MNV-68 68-RVQGVAATGETFREDLDKTQ-87 

HSV-1 114-YVQPPPTGATVVQFEQPRRQ-133 
ALPHA: HSV-2 109-YVQPPPTGATVVQFEQPRRQ-128 

vzv 57-YVQPPPTGSTIVRLEPTRTQ-76 

FIG 18 

(SEQ. ID. NO: 37) 
(SEQ. ID. NO: 38) 
(SEQ. ID. NO: 3 9) 
(SEQ. ID. NO: 4 0) 
(SEQ. ID. NO: 41) 
(SEQ. ID. NO: 42) 
(SEQ. ID. NO: 43) 
(SEQ. ID. NO: 44) 
(SEQ. ID. NO: 45) 

(SEQ. ID. NO: 46) 
(SEQ. ID. NO: 4 7) 
(SEQ. ID. NO: 48) 
(SEQ. ID. NO: 49) 
(SEQ. ID. NO: 50) 

(SEQ. ID. NO: 51) 
(SEQ. ID. NO: 52) 
(SEQ. ID. NO: 53) 
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CYTOMEGALOVIRUS DISINTEGRIN-LIKE 
PEPTIDES 

2 
signaling. 12

•
13 Although each specific integrin heterodimer 

has a specific set ofligands, many integrin heterodimers have 
overlapping ligand-binding capabilities, a characteristic that 
many pathogens have evolved to exploit; most viruses that CROSS-REFERENCE TO RELATED 

APPLICATIONS 5 utilize integrins as receptors are capable of interacting with 
several integrin heterodimers. 

There are several known integrin recognition motifs. The 
most common of these involves the amino acid sequence 
RGD. There are, however, a number of RGD-independent 

This is a divisional of application Ser. No. 11/127,601, filed 
May 12, 2005 (now U.S. Pat. No. 7,491,490, issued Feb. 17, 
2009), which claims priority to provisional application Ser. 
No. 60/570,260, filed May 12, 2004, the entire content of 
which is incorporated herein. 

STATEMENT REGARDING FEDERAL 
FUNDING 

10 integrin recognition motifs. These include motifs found in 
certain extracellular matrix proteins and the disintegrin-like 
domain found in the family of proteins known as ADAMS (A 
Disintegrin And a Metalloprotease).14 From the 30 known 
members of the ADAM family, a disintegrin-like domain 

The invention was made with United States government 
support awarded by the following agency: NIH AI034998. 
The United States government has certain rights in this inven
tion. 

15 consensus and minimum integrin recognition motif has been 
identified (RX5 _7 DLXXF/L) (SEQ. ID. NOS: 23-28).14

•
15 

Researchers have established that viral glycoprotein B 
(gB) is a protein that is required for virus entry and fusion 
throughout the Herpesviridae family. Glycoprotein B is a 

BACKGROUND OF THE INVENTION 

Human cytomegalovirus (HCMV) is a member of the 
medically significant Herpesviridae family of viruses, a fam

20 critical member of the conserved basic fusion machinery. 16 

During virus entry, HCMV induces cellular morphological 
changes and signaling cascades consistent with engagement 
of cellular integrins; however, HCMV structural proteins do 
not possess the widely used RGD integrin binding motif. 

25 Thus, it would be desirable to identify a conserved receptor
binding domain within the Herpesviridae family that can be 
used to inhibit viral entry into host cells. 

ily divided into three subfamilies: alpha-, beta- and gamma
herpesviruses. Herpesviruses establish a life-long relation
ship with their hosts and can manifest disease in an 
opportunistic manner. HCMV is the most common viral 
cause of congenital birth defects and is responsible for sig
nificant morbidity and mortality in immunocompromised 30 

patients, including AIDS patients and organ transplant recipi
ents. 1 •

2 A notable feature ofHCMV pathogenesis is its excep
tionally broad tissue tropism. HCMV is capable of manifest
ing disease in most organ systems and tissue types, which 
directly correlates with its ability to infect fibroblasts, endot- 35 

helial cells, epithelial cells, monocytes/macrophages, smooth 
muscle cells, stromal cells, neuronal cells, neutrophils, and 
hepatocytes. 3 -

5 In vitro entry into target cells is equally pro
miscuous, as HCMV is able to bind, penetrate and initiate 
replication in all tested vertebrate cell types. 6 Recently, epi- 40 

dermal growth factor receptor (EGFR) was identified as a 
cellular receptor for HCMV. Expression ofEGFR was found 
to correlate with the ability of the virus to initiate gene expres
sion. 7 However, EGFR is not expressed on several HCMV
permissive cells, such as hematopoetic cell types. Therefore 45 

other receptors that HCMV can exploit to gain entry into 
various cell types must exist. 

BRIEF SUMMARY OF THE INVENTION 

The present invention is directed to methods and compo
sitions of matter for inhibiting the entry of viruses in general, 
and herpesviruses in particular, into host cells. Through anti
body blocking and integrin-knockout cell experiments, it has 
been determined that integrins are utilized as CMV entry 
receptors to facilitate viral entry into a host. The present 
inventors have also identified the presence of an integrin
binding gB disintegrin-like domain that is highly conserved 
among herpesviruses. It has been determined that these con
served viral gB disintegrin-like domains are capable of 
engaging cellular integrins, thereby facilitating fusion of the 
virion to the host cell and ultimate entry of the virion into the 
host cell. Thus, the present invention provides methods and 
compositions for inhibiting, interfering with, or otherwise 
blocking the interaction between the gB disintegrin-like 
domain of a virus and the integrins of a putative host cell, 
thereby inhibiting and/or preventing entry of the virus into the 
host cell. 

In one aspect the invention provides a method for inhibiting 
Many of the physiological consequences associated with 

HCMV infection are consistent with activation of cellular 
integrins. Host cells respond to HCMV infection by activat
ing numerous signal transduction pathways including initiat
ing ca++ influx at the cell membrane, as well as activating 
phospolipases C and A2, mitogen-activated protein kinase 
(MAP kinase), p38, NF-KB and SP-1. 8 •

9 HCMV also induces 

50 viral entry into an animal host cell by administering to the 
host cell an agent capable of interfering with integrin engage
ment of HCMV and thereby inhibiting viral internalization 
into the host cell. 

a distinct cytopathology, with cells rounding 30-60 minutes 55 

post-viral challenge corresponding to the entry event and then 
once again 24 hours post-infection. 10 

In recent years, cellular integrins have emerged as entry 
receptors for a broad range of pathogens including patho
genic plant spores, bacteria and several families of viruses. 60 

Integrins have been shown to mediate both the initial attach
ment ofvirions to the cell surface, as well as to facilitate the 
"post-attachment" or internalization entry step. 11 Integrins 
are expressed on the cell surface as a noncovalently linked 
heterodimer consisting of a a and ~ subunit, which conveys 65 

specificity in cell-cell adhesion, cell-extracellular matrix 
(ECM) adhesion, immune cell recruitment, extravasation and 

In another aspect the invention provides an anti-viral agent 
comprising an integrin binding gB disintegrin-like peptide or 
peptidomimetic capable of blocking integrin engagement of 
HCMV and thereby inhibiting viral internalization into the 
host cell. 

In yet another aspect the invention provides an antibody 
produced against an integrin binding gB disintegrin-like pep
tide, wherein the antibody is capable of binding a viral gB 
disintegrin-like domain, thereby inhibiting viral internaliza
tion into a host cell by interfering with virus-integrin engage
ment. 

More specifically, one aspect of the invention is directed to 
a method of inhibiting viral infection of an animal host cell. 
The method comprises administering to the host cell ( either in 
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vitro, in vivo, or ex vivo) an antiviral-effective amount of a 
purified, integrin-binding gB disintegin-like peptide or a puri
fied antibody that binds specifically to an integrin-binding, 
gB disintegrin-like peptide. 

In the preferred embodiment, the purified, integrin-binding 5 

gB disintegrin-like peptide comprises an amino acid consen
sus sequence RX5 _8DLXXFX5 C (SEQ. ID. NOS: 1-4) or an 
amino acid sequence at least 80% homologous thereto. In 
another preferred embodiment, the purified, integrin-binding 
gB disintegrin-like peptide comprises an amino acid 10 

sequence RVCSMAQGTDLIRFERNIVC (SEQ. ID. NO: 5) 
or an amino acid sequence at least 80% homologous thereto. 
Likewise, when the active agent is an antibody, it is preferred 
that the purified antibody binds selectively to SEQ. ID. NOS: 
1-5 or a sequence at least 80% homologous to one of these 15 

two sequences. Additionally, the purified antibody may bind 
selectively to an integrin-binding, gB disintegrin-like peptide 
comprising residues 91-111 of glycoprotein B of human 
cytomegalovirus. 

The method disclosed is for inhibiting the viral infection of 20 

animal cells. More particularly, the method is for inhibiting 
infection of animal cells by viruses of the family Herpesviri
dae (V.C. 31), more particularly still for inhibiting infection 
by viruses of the family Herpesviridae and sub-family Beta 
herpesvirinae (V.C. 31.2), and more particularly even still for 25 

inhibiting infection by viruses of the family Herpesviridae, 
sub-family Beta herpesvirinae, genus Cytomegalovirus (V.C. 
31.2.1) into the host cell. For more information on the tax
onomy of viruses, see the International Committee on Tax
onomy ofViruses Database (ICTV dB), jointly maintained by 30 

the National Center for Biotechnology Information (Be
thesda, Md.) and Columbia University (New York, N.Y.). 

The method may utilize purified monoclonal antibodies or 
purified polyclonal antibodies. 

The invention is also directed to pharmaceutical composi- 35 

tions comprising an antiviral-effective amount of a purified, 
integrin-binding gB disintegrin-like peptide as described 
above, or a purified antibody that binds specifically to an 
integrin-binding, gB disintegrin-like peptide. 

The invention is further directed to a purified polypeptide 40 

comprising SEQ. ID. NOS: 1-5 or an amino acid sequence 
having at least 80% homology to SEQ. ID. NOS: 1-5. 

The invention is also directed to a purified antibody that 
binds specifically to an integrin-binding, gB disintegrin-like 
peptide. In the preferred embodiment, the antibody binds 45 

selectively to an integrin-binding, gB disintegrin-like peptide 
comprising SEQ. ID. NOS: 1-5 or a sequence at least 80% 
homologous thereto. The antibody may be monoclonal or 
polyclonal. It is also preferred that the antibody inhibits inter
nalization of viruses of the family Herpesviridae into host 50 

cells, more preferred still that the antibody inhibits internal
ization of viruses of the family Herpesviridae and sub-family 
Beta herpesvirinae into host cells, and most preferred that the 
antibody inhibits internalization of viruses of the family Her
pesviridae, sub-family Beta herpesvirinae, and genus 55 

Cytomegalovirus into the host cells. 

4 
gin-like consensus sequence is in bold, underline type. Con
served ~-herpesvirus residues are in bold type. Non
conserved residues are in italics. 

FIG. lB is a sequence aligmnent showing the conservation 
of the gB disintegrin-like domain in various herpesviruses. 
The conserved herpesvirus gB disintegin-like consensus 
sequence is in bold, underline type. Conserved ~-herpesvirus 
residues are in bold type. 

FIG. 2A is a graph showing that human cytomegalovirus 
(HMCV) gB disintegrin-like peptide inhibits CMV infection 
of normal human dermal fibroblast (NHDF) cells in a dose
dependent fashion. 

FIG. 2B is a histogram depicting the inhibition ofmurine 
cytomegaloviruse (MCMV), HCMV or herpes simplex 
virus-I (HSV-1) infection of murine 3T3 cells and NHDF 
cells treated with HCMV gB disintegrin-like peptide or 
HCMV gB disintegrin-like null peptide. 

FIG. 3A is a graph showing that integrin-neutralizing anti
bodies inhibit HCMV infectivity in a dose-dependent fash
ion. The graph depicts the results of treating NHDFs with 
DE9 antibody. 

FIG. 3B is a graph showing that integrin-neutralizing anti-
bodies inhibit HCMV infectivity in a dose-dependent fash
ion. The graph depicts the results of treating NHDFs with 
neutralizing monoclonal antibodies to the ~3 integrin (which 
inhibited CMV infection in a dose-dependent fashion), as 
well as an isotype control and treating the cells with a ~1 
integrin subunit non-neutralizing antibody (neither of which 
showed inhibitory activity). 

FIG. 3C is a histogram showing the results of treating 
NHDFs with a panel of alpha-integrin subunit neutralizing 
antibodies. Treating NHDFs with monoclonal antibodies to 
the a2 and ~6 integrin subunits inhibited HCMV infection 
similarly, while monoclonal antibodies to the a V integrin 
subunit had a moderate inhibitory activity. Neutralizing anti
bodies to other abundantly expressed integrins such as a5, or 
moderately expressed integrins (al, a3) and integrins 
expressed at low levels ( a4) inhibited HCMV entry to a much 
lesser extent. 

FIG. 4A is a histogram showing the treatment of GD25, 
GD25~I and NHDF cells with or without ~1, ~3, and ~1+~3 
antibodies, followed by HCMV infection. The histogram 
shows that cells that are null for ~ 1 integrin exhibit decreased 
HCMV entry. 

FIG. 4B is a histogram showing the treatment of GD25, 
GD25~1 and 3T3 cells with or without ~1, ~3, ~1+~3 anti
bodies followed by MCMV infection. The histogram shows 
that cells that are null for ~ 1 integrin exhibit decreased 
MCMV entry. 

FIG. 5 depicts the gBDLD fragment in the context of the 
native N-terminus ofHCMV glycoprotein B (gB). The under
lined sequence is the gBDLD proper. The bold, underlined 
sequence is the consensus integrin recognition motif and the 
sequence of the original disintegrin-like synthetic peptide. 

FIG. 6A is a histogram depicting the effects of integrin
blocking treatments on HCMV binding and entry into NHDF 
cells. Other objects, advantages and features of the present 

invention will become apparent from the following specifi
cation taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 6B is a histogram depicting viral payloads as mea
sured by pp65 localization in NHFD cells after the cells were 

60 treated with various integrin-blocking agents and then 
infected with HCMV. 

FIG. lA is a sequence alignment showing the conservation 
of the gB disintegrin-like domain in various HCMV clinical 
isolate protein sequences deposited in the GenBank database 65 

( operated by the National Center for Biotechnology Informa
tion, Bethesda, Md.). The conserved herpesvirus gB disinte-

FIG. 7 is a graph depicting the kinetics of gBDLD binding to 
human fibroblasts. 

FIG. 8 is a graph demonstrating that the binding of gBDLD 
to human fibroblasts is dose-dependent and saturable. 

FIG. 9 is a graph demonstrating that gBDLD blocks HCMV 
infectivity of human fibroblasts. 
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FIG. 10 is a Western blot showing that gB DLD interacts with 
~ 1 integrins. 

FIG. 11 is a Western blot showing that gBDLD does not 
interact with ~3 integrins. 

6 
administration of these agents will necessarily depend upon 
the needs of the individual subject being treated, the type of 
treatment, the degree of affliction or need and, of course, the 
judgment of the medical practitioner. In general, parenteral 

DETAILED DESCRIPTION OF THE INVENTION 
5 administration requires lower dosage than other methods of 

administration ( e.g. topical), which are more dependent upon 
absorption. 

In a preferred embodiment, the invention provides peptides 
having the conserved gB disintegrin-like domain of CMV 

Unless otherwise defined, all technical and scientific terms 
used herein have the same meaning as commonly understood 
by one of ordinary skill in the art of virology and/or pharma
cology. 

10 including an amino acid consensus sequence represented by 
the following amino acid sequence: RX5 _8DLXXFX5C 
(SEQ. ID. NOS: 1-4), where X can be any amino acid. Also, 
encompassed within the invention is the polypeptide RYCS
MAQGTDLIRFERNIVC (SEQ. ID. NO: 5) or any conserva-

The present invention relates to methods and compositions 
for inhibiting the entry of viruses, specifically, herpesviruses 
into a host cell. Through antibody blocking and integrin 
knockout cell experiments, the present inventors have deter
mined that integrins are utilized as CMY entry receptors to 
facilitate viral entry into a host cell. The inventors have also 
identified the presence of an integrin-binding gB disintegrin
like domain that is highly conserved among most herpesvi
ruses. It has also been determined that the conserved viral gB 20 

disintegrin-like domains are capable of engaging cellular 
integrins. Thus the present invention reveals that the con
served viral gB disintegrin-like protein plays an important 
role in facilitating viral internalization into a host cell. The 
present invention therefore provides methods and composi- 25 

tions, such as anti-viral pharmaceutical compositions, for 
blocking the interaction between the gB disintegrin-like 
domain of a virus and the integrins of a putative host cell, 
thereby inhibiting and/or preventing entry of a virus into a 
host cell. 

15 tive variant thereof having at least 80% amino acid sequence 
identity to SEQ. ID. NO: 5. 

As used herein the term "amino acid" residue or sequence 
refers to abbreviations used herein for designating the amino 
acids based on recommendations of the IUPAC-IUB Com
mission on Biochemical Nomenclature (see Biochemistry 
(1972) 11: 1726-1732). In certain embodiments, the amino 
acids used in the invention are those naturally occurring 
amino acids found in proteins, or the naturally occurring 
anabolic or catabolic products of such amino acids, which 
contain amino and carboxyl groups. This term further 
includes synthetic analogs, derivatives of any specific amino 
acid referred to herein (e.g., N-methyl derivatives, glycosy
lated derivatives, and the like), as well as C-terminal or N-ter
minal-protected amino acid derivatives (e.g., modified with 

In one embodiment, the invention provides a method of 
inhibiting the entry ofherpesviruses into a host cell by intro
ducing, administering, or contacting an effective amount of 
an anti-viral agent, such as an isolated or synthetic peptide, 
with the cells of the subject in need of treatment for a viral 
infection. A herpesvirus infection is exemplary. The invention 
extends to the inhibition of viral entry of any virus in general, 
more particularly cytomegalovirus, and more particularly 
still herpesvirus. As used herein, the term "host cell" refers to 

30 an N-terminal or C-terminal protecting group such as, for 
example, cyanoalanine, canavanine, djenkolic acid, norleu
cine, 3-phosphoserine, homoserine, dihydroxy-phenylala
nine, 5-hydroxytryptophan, 1-methylhistidine, 3-methylhis
tidine, diaminopimelic acid, ornithine, or diaminobutyric 

35 acid). Also included are the (D) and (L) stereoisomers of such 
amino acids when the structure of the amino acid admits of 

an animal cell, including mammalian cells, and explicitly 40 

including human cells. The conserved gB disintegrin-like 
domain peptide of the invention may be mixed with a phar
maceutically acceptable, nontoxic carrier. Also, it is within 
the scope of the invention that the agent or peptide may be 
linked to another moiety, such as an internalizing peptide, an 45 

accessory peptide, or a transport moiety. The agent may be a 
peptidomimetic. 

Peptides and peptidomimetics of the invention may be 
administered by any of a variety of routes depending upon the 
specific end use. These agents may be administered directly 50 

to virus-infected cells in general, and CMV-infected cells in 
particular. Direct delivery of such peptide therapeutics may 
be facilitated by formulation of the peptidyl compound in any 
pharmaceutically acceptable dosage form, e.g., for delivery 
orally, intratumorally, peritumorally, interlesionally, intrave- 55 

nously, intramuscularly, periolesionally, or topical routes, to 
exert local therapeutic effects. The preferred method of deliv
ering the peptide into the cell is subcutaneously. Applicants 
envision that 50 to 350 mg of peptide is a suitable dose to be 
administered subcutaneously twice a day to a virus-infected 60 

subject. 
The most suitable route in any given case will depend upon 

the use, particular type of agent containing the disintegrin
like domains, the subject involved, and the judgment of the 
medical practitioner. An agent of the invention may also be 65 

administered by means of controlled-release, depot implant 
or injectable formulations. The exact dose and regimen for 

stereoisomeric forms. Other suitable amino acids will be rec
ognized by those skilled in the art and are included in the 
scope of the present invention. 

It must also be noted that CMVs are host-specific, and 
share very little identity over the entire glycoprotein B amino 
acid sequence. In contrast, however, a sequence alignment of 
the gB disintegrin-like domain portion of the present inven
tion, taken across various mammalian species, shows a 
greater than 80% amino acid sequence identity. In fact, dis
integrin-like domains in CMV from a variety of species, such 
as human, mouse, rhesus, baboon, guinea pig, and porcine 
strains, have been identified. (See FIG. lB.) Other viruses 
closely related to the CMV, such as beta human herpesvi
ruses-6A, 6B and 7 have also been identified to possess a gB 
disintegrin-like domain. Furthermore, the disintegrin-like 
domains have been identified in more distantly related 
gamma herpesviruses. These more distant viral families 
include, for example Epstein-Barr virus (EBY) which has a 
disintegrin-like sequence of RYCELSSHGDLFRFSSDIQC 
(SEQ. ID. NO: 6). The EBY disintegrin-like domain exhibits 
a 45% amino acid sequence identity to its corresponding 
HCMV domain. Likewise, Kaposi's sarcoma-associatedher
pesvirus (KSHY) has a disintegrin-like sequence ofRYCSA
SITGELFRFNLEQTC (SEQ. ID. NO: 7). KSHY has a (D to 
E) substitution in its disintegrin-like consensus sequence. The 
KSHY disintegrin-like domain exhibits a 40% amino acid 
sequence identity to its corresponding HCMV domain. Thus, 
these conserved domains may also play a role in the entry of 
viruses beyond CMV. 

It is believed that because many viruses, both close and 
distant in evolutionary terms to HCMV, possess disintegrin-
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like domains, it is foreseeable that these other viruses will 
behave similarly (i.e., by interfering with virus-integrin 
engagement) to block viral entry into a host cell. Therefore, it 
is envisioned that peptides directed to the sequence encom
passing the disintegrin-like domain can be used as the active 
agent in a pharmaceutical composition to inhibit viral inter
nalization into a host cell. While not being limited to any 
particular underlying mechanism or biological phenomenon, 
it is believed that the active ingredients of the present inven
tion function by interfering with virus-integrin engagement, 
thereby blocking viral entry in a host cell. 

Likewise, a peptidomimetic therapeutic drug, suitable for 
delivery to all parts of a mammal, suitably a human may be 
designed based on the consensus sequence of SEQ. ID. NOS: 
1-4. 

Because integrins have also been implicated in cellular 
migration, survival and angiogenesis, the peptides and pepti
domimetics disclosed herein can also be used as an active 
agent in anti-cancer therapies. 

8 
bated with herpesvirus-infected cells. The antibodies can also 
be used in an immunoassay of cellular extracts or lysates, 
where, after infection, the cell membranes of the host cells are 
weakened or removed and the immediate early protein is 

5 assayed after release from the cells. 
In addition to the actual gB disintegrin-like domain, the 

sequences flanking the domain may be important to the speci
ficity and effectiveness of the peptide, peptidomimetic or 
antibody used to inhibit viral internalization into the host cell. 

10 Thus, a peptide encompassing the gB disintegrin-like domain 
of EBY and the flanking sequences surrounding the domain 
(see, for example, FIG. 5) is expected to be more specific and 
effective in blocking EBY entry into a host. Thus, it is 

15 
believed that amino acids surrounding the consensus 
sequence may be equally important as the actual consensus 
sequence in targeting the virus to specific integrin het
erodimers (a2~1, a6~1 and aV~3), while preventing 
engagement with others. 

Polypeptide Synthesis: 
Polypeptides according to the present invention can be 

fabricated synthetically using any means now known in the 
art or developed in the future. Solid-phase peptide synthesis is 
generally preferred. Very briefly, in solid-phase synthesis, the 

In yet another embodiment, the invention provides anti- 20 

bodies (monoclonal or polyclonal) produced against disinte
grin-like peptides. These antibodies exhibit therapeutic 
potential as anti-viral agents in general and anti-viral agents 
against CMV, herpesviruses, and the like. These antibodies 
are capable of binding the disintegrin-like domain and block
ing the engagement of integrins, thereby inhibiting viral inter
nalization into a host cell. 

25 desired C-terminal amino acid residue is linked to a polysty
rene support as a benzyl ester. The amino group of each 
subsequent amino acid to be added to the N-terminus of the 
growing peptide chain is protected with tert-butoxycarbonyl, 
(Boe), 9-fluorenylmethoxycarbonyl (Fmoc), or another suit-

Indeed, as described below in the examples, a cell line 
lacking the ~ 1 integrin is very poorly infected by HCMV. 
When ~1 integrin was expressed and added back to the cells, 
the infection was restored. In addition, the examples demon
strate that antibodies to ~ I-containing integrins block HCMV 
entry. On this point, it is relevant to note that ~I-containing 
integrins are expressed on all vertebrate cells. Furthermore, 
antibodies to the ~3 subunit also block viral entry (but to a 
lesser extent). Similarly, antibodies directed against the alpha 
subunits showed blockage of viral entry with antibodies to 
a2, a V, and a6. 

To produce specific antibodies against the conserved gB 
disintegrin-like domain, the peptide containing an amino acid 
consensus sequence represented by the formula: RX5 _ 

sDLXXFX5C, as set forth in SEQ. ID. NOS: 1-4, whereXcan 
be any amino acid is injected into an animal host capable of 
generating an immune response to the peptide. Also in accor
dance with the invention, the antibody raised against the 
polypeptide can have the sequence RVCSMAQGTDLIR
FERNIVC, as set forth in SEQ. ID. NO: 5 or 80% amino acid 
sequence identity to SEQ. ID. NO: 5. 

30 able protecting group. Likewise, the carboxylic acid group of 
each subsequent amino acid to be added to the chain is acti
vated with N,N-dicyclohexylcarbodiimide (DCC) and 
reacted so that the N-terminus of the growing chain always 
bears a removable protecting group. The process is repeated 

35 (with much rinsing of the beads between each step) until the 
desired polypeptide is completed. In the conventional route, 
the N-terminus of the growing chain is protected with a Boe 
group, which is removed using trifluoracetic acid, leaving 
behind a protonated amino group. Triethylamine is used to 

40 remove the proton from the N-terminus of the chain, leaving 
a free amino group, which is then reacted with the activated 
carboxylic acid group from a new protected amino acid. 
When the desired chain length is reached, a strong acid, such 
as hydrogen bromide in trifluoracetic acid, is used both to 

45 cleave the C-terminus from the polystyrene support and to 
remove the N-terminus protecting group. The entire process 
has been automated and robotic polypeptide synthesizers are 
available from a number of commercial suppliers, e.g., 
Applied Biosystems, Foster City, Calif. Peptide synthesis is Methods for injecting an immunogenic peptide into an 

animal host are well known, and disclosed in greater detail 
hereinbelow. One having ordinary skill in the art is capable of 
selecting a host in which an immune response may be 
induced.A typical system involves injecting the selected pep
tide into mice, rabbits, or guinea pigs to produce an IgG 
response. Serum obtained from such immunized animals 
contains polyclonal antibodies having specificity against the 
immunogen. Alternatively, the selected peptide can be 
injected into suitably primed mice to induce antibody-pro
ducing B-cells which can be fused with an immortalized cell 
line using conventional techniques, to prepare hybridomas 60 

that secrete monoclonal antibodies diagnostic for one strain 
ofherpesvirus or monoclonal antibodies that recognize more 
than one herpesvirus strain. 

50 widely employed and well known. For a full treatment, see, 
for example, Bodanszky, M.; Bodanszky, A. The Practice of 
Peptide Synthesis, 2nd Edition; Springer Verlag: Berlin, 1995. 

Antibody Production: 
Monoclonal and polyclonal antibodies to the gB disinte-

55 grin-like peptides disclosed herein can be fabricated by any 
means now known in the art or developed in the future. A 
number of different protocols are conventional and well
known in the art. 

Briefly, to prepare monoclonal antibodies, the peptide anti
gen (a gB disintegrin-like peptide) is prepared for injection 
either by emulsifying it into a suitable adjuvant ( e.g., Fre
und' s) or by homogenizing a polyacrylamide gel slice that 
contains the protein antigen. The test animals, normally mice, 
are immunized at 2- to 3-week intervals. Test bleeds are The specificity of the polyclonal or monoclonal antibodies 

can be assessed by screening the antibodies in an immunof- 65 

luorescence assay using cells known to be infected with her
pesvirus. In particular, the antibodies obtained can be incu-

collected seven days after each booster immunization to 
monitor serum antibody levels. Test animals are chosen for 
hybridoma fusions when a sufficient antibody titer is reached. 
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Spleen cells from the immunized animals are then fused 
with myeloma cells to yield antibody-producing hybridoma 
cells. Briefly, freshly-harvested spleen cells from the immu
nized animals and myeloma cells are co-pelleted by centrifu
gation and then fused by adding polyethylene glycol (PEG) to 5 

the pellet. The cells are then centrifuged again and the PEG 
solution is diluted by adding fresh medium. The fused cells 
are then centrifuged, resuspended in a selection medium, and 
aliquotted into a 96-well plate. The hybridomas are then 
grown to 10-50% confluence and assayed for the production 10 

of antigen-specific antibody. 
The hybridoma cell lines are then cloned by limiting dilu

tion. Briefly, the hybridomas to be cloned are diluted to 
roughly 0.8 cells per well. This dilution factor yields 36% of 
the wells having one cell per well (according to Poisson 15 

statistics). When the cultures are 10-50% confluent, antibody 
production is assayed by enzyme-linked immunosorbent 
assay (ELISA). Two or more cloning procedures are carried 
out until >90% of the wells containing single clones are 
positive for antibody production. The best of the cell lines can 20 

be stored by suspending the cells in dimethyl sulfoxide/fetal 
calf serum and then freezing them rapidly in a dry ice-ethanol 
and glycerol bath, followed by transfer to liquid nitrogen 
storage. The cells can be re-activated by thawing rapidly at 
37° C., with immediate replacement of the freezing medium 25 

with culture medium. 

10 
are prepared by uniformly and intimately bringing the active 
agent into association with a liquid or solid carrier and then, 
if necessary, shaping the product into the desired unit dosage 
form. 

Formulations of the present invention suitable for oral 
administration may be presented as discrete units such as 
capsules, cachets, tablets, boluses or lozenges, each contain
ing a predetermined amount of the active compound; as a 
powder or granules; or in liquid form, e.g., as an aqueous 
solution, suspension, syrup, elixir, emulsion, dispersion, or 
the like. 

A tablet may be made by compression or molding, option-
ally with one or more accessory ingredients. Compressed 
tablets may be prepared by compressing in a suitable machine 
the active compound in a free-flowing form, e.g., a powder or 
granules, optionally mixed with accessory ingredients, e.g., 
binders, lubricants, inert diluents, surface-active or dispers
ing agents. Molded tablets may be made by molding in a 
suitable machine a mixture of the powdered active compound 
with any suitable carrier. 

Formulations suitable for parenteral administration conve
niently comprise a sterile preparation of the active compound 
in, for example, water for injection, saline, a polyethylene 
glycol solution, and the like, which is preferably isotonic with 
the blood of the recipient. 

Useful formulations also comprise concentrated solutions 
or solids containing the active agent which upon dilution with 
an appropriate solvent give a solution suitable for parenteral 
administration. 

Preparations for topical or local applications comprise 
aerosol sprays, lotions, gels, ointments, suppositories etc., 
and pharmaceutically-acceptable vehicles therefor such as 
water, saline, lower aliphatic alcohols, polyglycerols such as 
glycerol, polyethylene glycerol, esters of fatty acids, oils and 

High-titer monoclonal antibody preparations can be 
obtained directly from the hybridoma supematants or from 
the ascites fluid of mice inoculated intraperitoneally with 
monoclonal antibody-producing hybridoma cells. For pro- 30 

ducing antibody supematants, the hybridoma is grown and 
split 1 to 10. The cells are then overgrown until cell death 
occurs. The supernatant is then harvested and the antibody 
titer is determined. The supernatant can be used as is or the 
antibody can be purified from the supernatant. To produce 
ascites fluid, test animals inoculated intraperitoneally with 
monoclonal antibody-producing hybridoma cells. The ascites 
fluid is collected several times after injection of the cells. The 
ascites fluid is heat-inactivated and the antibody titer is deter
mined by ELISA. 

35 fats, silicones, and other conventional topical carriers. In topi
cal formulations, the subject compounds are preferably uti
lized at a concentration of from about 0.1 % to 5.0% by 
weight. 

Monoclonal and polyclonal antibody production is widely 
employed and well known. For a full treatment, see, for 
example, Current Protocols in Molecular Biology, volume 2, 
chapter 11 (copyright 1994-1998, John Wiley & Sons). 

Pharmaceutical Methods and Compositions: 
Another aspect of the invention provides pharmaceutical 

compositions, for medical use, comprising an active com
pound, i.e., a gB disintegrin-like polypeptide, or a pharma
ceutically-acceptable salt or analog thereof, or an antibody as 
disclosed herein, optionally in combination with an accept
able carrier and optionally in combination with other thera
peutically-active ingredients or inactive accessory ingredi
ents. The carrier must be pharmaceutically-acceptable in the 
sense of being compatible with the other ingredients of the 
formulation and not deleterious to the recipient. The pharma
ceutical compositions include those suitable for oral, topical, 
inhalation, rectal or parenteral (including subcutaneous, 
intramuscular and intravenous) administration. 

The formulations may conveniently be presented in unit 
dosage form and may be prepared by any of the methods well 
known in the pharmaceutical arts. The term "unit dosage" or 
"unit dose" is denoted to mean a predetermined amount of the 
active ingredient sufficient to be effective for treating an 
indicated activity or condition. Making each type of pharma
ceutical composition includes the step of bringing the active 
compound into association with a carrier and one or more 
optional accessory ingredients. In general, the formulations 

Compositions suitable for rectal administration, comprise 
40 a suppository, preferably bullet-shaped, containing the active 

ingredient and pharmaceutically-acceptable vehicles therefor 
such as hard fat, hydrogenated cocoglyceride, polyethylene 
glycol and the like. In suppository formulations, the subject 
compounds are preferably utilized at concentrations of from 

45 about 0.1 % to 10% by weight. 
Compositions suitable for rectal administration may also 

comprise a rectal enema unit containing the active ingredient 
and pharmaceutically-acceptable vehicles therefor such as 
50% aqueous ethanol or an aqueous salt solution which is 

50 physiologically compatible with the rectum or colon. The 
rectal enema unit consists of an applicator tip protected by an 
inert cover, preferably comprised of polyethylene, lubricated 
with a lubricant such as white petrolatum and preferably 
protected by a one-way valve to prevent back-flow of the 

55 dispensed formula, and of sufficient length, preferably two 
inches, to be inserted into the colon via the anus. In rectal 
formulations, the subject compounds are preferably utilized 
at concentrations of from about 5.0-10% by weight. 

Useful formulations also comprise concentrated solutions 
60 or solids containing the active ingredient which upon dilution 

with an appropriate solvent, preferably saline, give a solution 
suitable for rectal or vaginal administration. These composi
tions include aqueous and non-aqueous formulations which 
may contain conventional adjuvants such as buffers, bacteri-

65 ostats, sugars, thickening agents and the like. The composi
tions may be presented in rectal single dose or multi-dose 
containers, for example, rectal enema units. 
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Preparations for topical or local surgical applications for 
treating a wound comprise dressings suitable for wound care. 
In both topical or local surgical applications, the sterile prepa
rations of the active agent are preferably utilized at concen
trations of from about 0.1 % to 5 .0% by weight applied to a 5 

dressing. 
Compositions suitable for administration by inhalation 

include formulations wherein the active ingredient is a solid 
or liquid admixed in a micronized powder having a particle 
size in the range of about 5 microns or less to about 500 10 

microns or liquid formulations in a suitable diluent. These 
formulations are designed for rapid inhalation through the 
oral passage from conventional delivery systems such as 
inhalers, metered-dose inhalers, nebulizers, and the like. Suit-

15 
able liquid nasal compositions include conventional nasal 
sprays, nasal drops and the like, of aqueous solutions of the 
active ingredient(s). 

12 
Examples do not limit the scope of the invention disclosed 
and claimed herein in any fashion. 
Methods and Materials: 

Sequence Alignment and Motif Search: 
HCMV glycoproteins B, H, L, 0, M, N and clinical isolates 

were analyzed for the following integrin recognition motifs: 
LDV, DGE, RGD, NGR, RRETAWA (SEQ. ID. NO: 10), 
REDV (SEQ. ID. NO: 11 ), SDGR (SEQ. ID. NO: 12), YIGSR 
(SEQ. ID. NO: 13), YIGSE (SEQ. ID. NO: 14), RGES (SEQ. 
ID. NO: 15), RSGIY (SEQ. ID. NO: 16), RSGD (SEQ. ID. 
NO: 17), DRDE (SEQ. ID. NO: 18), and SRYD (SEQ. ID. 
NO: 19) using DNAstar software (DNASTAR, Inc., Madison, 
Wis.). The results are shown in FIGS. lA and lB. 

Cell Lines and Viruses: 
Beta 1 integrin knockout fibroblasts (GD25) and Beta 1 

integrin restored GD25 cells (GD25~1) were obtained (and 
are available) through the University of Wisconsin-Madi
son, Madison, Wis. Normal Human Dermal Fibroblasts 
(NHDFs), Mouse NIH 3T3 cells, and GD25 cells were cul-
tured in Dulbecco's modified Eagle medium (DMEM) 
supplemented with 10% fetal calf serum (GIBCO-Carls-
bad, Calif.) and antibiotics, in a 5% CO2 atmosphere, at 3 7° C. 
GD25~1 cells were cultured as the other lines, but also con
tained 10 µg/mL puromyocin (Sigma-St. Louis, Mo.). Her-

In addition to the aforementioned ingredients, the formu
lations of this invention may further include one or more 20 

optional accessory ingredient( s) utilized in the art of pharma
ceutical formulations, e.g., diluents, buffers, flavoring agents, 
colorants, binders, surface-active agents, thickeners, lubri
cants, suspending agents, preservatives (including antioxi
dants) and the like. 25 pes simplex virus type I strain HSV-l(KOS)gL86, marked 

with the E. coli Lacz gene, was propagated in 79VB4 cells. 
Murine cytomegalovirus (MCMV) (Smith strain; ATCC 
VR-194) was prepared and titered on NIH 3T3 cells as pre-

As noted above, the amount of the active agent required to 
be effective for any indicated condition will, of course, vary 
with the individual manmial being treated and is ultimately at 
the discretion of the medical or veterinary practitioner. The 
factors to be considered include the condition being treated, 30 

the route of administration, the nature of the formulation, the 
mammal's body weight, surface area, age and general condi
tion, and the particular compound to be administered. In 
general, a suitable effective dose is in the range ofabout 0.1 to 
about 500 mg/kg body weight per day, preferably in the range 35 

of about 5 to about 350 mg/kg per day, calculated as the 
non-salt form of Formula I. The total daily dose may be given 
as a single dose, multiple doses, e.g., two to six times per day, 

viously described.43 MCMV-GFP (strain RVG102), marked 
with enhanced green fluorescent protein (GFP) under the 
control of the immediate early 1/3 promoter, was constructed 
as described in the literature.43 (MCMV-GFP is also available 
from Eastern Virginia Medical College, Norfolk, Va.). 
HCMV AD169 was grown and titered on NHDFs as previ
ously described. HCMV with immediate early protein 2-GFP 
was a generous gift from D. Spector (UC-San Diego ).46 

or by intravenous infusion for a selected duration. For 
example, for a 75 kg human patient, a typical dose would be 40 

approximately 7.5 to 350 mg of peptide, administered subcu
taneously twice a day. Dosages above or below the range cited 
above are within the scope of the present invention and may 

Kaposi's sarcoma-associated herpesvirus (KSHV) was 
grown in BCBLl cells as previously described.41 HCMV, 
KSHV and VSV were incubated with 1 % diI (a dialkylcar
bocyanine dye available from Molecular Probes, Eugene, 
Oreg.) for 30 minutes at room temperature. Virions were then 
gradient purified to remove free dye as previously 
described. 6041047 

be administered to the individual patient if desired and nec
essary. 

In general, the pharmaceutical compositions of this inven
tion contain from about 0.5 mg to about 1.5 g active ingredient 
per unit dose and, preferably, from about 7 .5 to about 500 mg 
per unit dose. If discrete multiple doses are indicated, treat
ment might typically be 100 mg of a peptide as disclosed 
herein given from two to four times per day. 

The compounds according to the present invention may be 
administered prophylactically, chronically, or acutely. For 
example, such compounds may be administered prophylac
tically to inhibit the formation of cancers in the subject being 
treated, or to prevent viral infection in the subject being 
treated. In addition to the prevention of viral infection, 
chronic administration of the subject compounds will typi
cally be indicated in treating recurring outbreaks ofCMV and 
herpesvirus-mediated ailments. Acute administration of the 
subject compounds is indicated to treat, for example, aggres
sive flare-up of viral-mediated symptoms. 

EXAMPLES 

The following Examples are included solely to provide a 
more complete understanding of the present invention. The 

45 

Production and Purification of gBDLD: 
DNA sequence corresponding to amino acids 57-146 of 

HCMV AD 169 glycoprotein B disintegrin-like domain 
("gBDLn") was cloned into the bacterial expression vector 
pET-28a containing an N-terminal His-Tag with thrombin 
cleavage site and kanamycin resistance. (Commercially 

50 available from Novagen, San Diego, Calif.) gBDLD produc
tion was induced by the addition of 1 mM isopropyl-~D
thiogalactopyranoside (IPTG). E.coli Tuner strain containing 
pET-28a:gBDLD was grown at 37° C. in Luria-Bertani 
medium containing kanamycin (50 µg/mL) to an optical den-

55 sity at 600 nm of approximately 0.6. IPTG (1 mM) was added 
and the plates were incubated continuously for 4 hat 37° C. 
Cells were harvested by centrifugation at 4000 r/min for 10 
min and pellets were resuspended in 1 % Triton X-100/Ni
NTA buffer (300 mM NaCl/50 mM Tris-HCL pH 7.9) and 

60 lysed by 3x60 s bursts of sonication. The lysate was centri
fuged at 15,000 r/min for 15 minutes at 4° C. The SM urea/ 
Ni-NTA fraction was then poured into a chromatography 
column containing nickel-nitriloacetic acid agarose (Ni
NTA) beads at 4 ° C. and allowed to flow through. The column 

65 was then washed three times with ice cold SM urea/NiNTA 
buffer. The protein was eluted from the colunm with 300 mM 
imidazole/SM urea/Ni-NTA buffer. Eluate from the column 
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was placed onto a S-200 sizing column and fractions were 
collected at regular intervals. Fractions containing protein 
were determined by measuring the absorbance of each frac
tion at 214 nm. Fractions that corresponded to absorption 
peaks were analyzed by sodium dodecyl sulfate polyacryla- 5 

mide electrophoresis (SDS-PAGE) to determine the size of 
the protein. The absorption peak fractions that contained a 
protein of the same size as the gBDLD were pooled and con
centrated using a Ni-NTA column. The concentrated frac
tions were dialyzed extensively against 55 mM 2-(N-mor- 10 

pholino) ethanesulfonic acid (MES), pH 5.5, 300 mMNaCI to 
remove urea and glycerol. Solubility in this buffer is approxi
mately 1 mg/mL. Any precipitate was removed by centrifu
gation at 13,000 r/min for 30 min at 4° C. Starting with a 1 L 
culture of E. coli, this procedure yielded approximately 1 mg 15 

of gB DLD at 1 mg/mL. 
Antibodies, Peptides and Soluble Proteins: 
Neutralizing Beta 1 integrin antibody DE9 (IgG),22

•
23 was 

obtained (and is available) from the Childrens Hospital of 
Philadelphia, Philadelphia Pa.). All other integrin antibodies 20 

[ al (FB12), a2 (PIE6), a3 (PI~5), a4 (PIH4), a5 (PID6), aV 
(M9), a6 (GoH3), ~3 (25El 1) a V~3 (LM609)] were pur
chased from Chemicon, Inc. (Temecula, Calif.). Monoclonal 
antibody 1203, which recognizes the immediate early (IE) 
gene products of HCMV, also referred to herein as mouse 25 

anti-IE monoclonal antibody, was purchased from the Rum
baugh-Goodwin Institute for Cancer Research, Inc. (Planta
tion, Fla.). Monoclonal antibody 27-78, which recognizes 
antigenic domain 1 (AD-1) of gB, was obtained (and is avail
able) from the University ofA!abama-Birmingham,Ala.).44 

30 

A monoclonal antibody raised against the major tegument 
protein, pp65, was purchased from Advanced Biotechnolo
gies, Inc. (Columbia, Md.). Rabbit polyclonal anti-MCMV 
el,45 which recognizes the MCMV early protein was 
obtained (and is available) from Eastern Virginia Medical 35 

College. Fluorescein-conjugated goat anti-mouse secondary 
antibody, fluorescein-conjugated goat anti-rabbit secondary 
antibody, and horseradish peroxidase (HRP)-conjugated goat 
anti-mouse secondary antibody were purchased from Pierce 
(Rockford, Ill.). HCMV gB disintegrin-like peptide (RVCS- 40 

MAQGTDLIRFERNIIC, SEQ. ID. NO: 8) and HCMV gB 
disintegrin-like Null peptide (AVCSMAGGTAAIRAER
NIIC, SEQ. ID. NO: 9) were synthesized, purified by reverse
phase HPLC, and the sequence confirmed by mass spectrom
etry. These two peptides were custom synthesized by, and 45 

purchased from, the University of Wisconsin Biotechnology 
Center Peptide Synthesis Facility (University ofWisconsin
Madison). RGD and RGE peptides were purchased from 
Sigma (St. Louis, 388 Mo.). 
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HCMV strain AD 169, MCMV Smith strain, or MCMV-GFP 
for 60 minutes at 37° C. Any non-penetrated virus was inac
tivated with low-pH citrate buffer ( 40 mM citric acid, 10 mM 
KC!, 135 mMNaCI, pH 3.0). The cells were incubated 20-24 
hours at 37° C. in DMEM supplemented with 2% bovine calf 
serum (BCS). Immunofluorescence analysis was performed 
as previously described28 with either mouse anti-IE mono
clonal antibody 1203, mouse anti-pp65 monoclonal antibody 
or rabbit anti-MCMV el polyclonal, followed by detection 
with a fluorescein-conjugated goat anti-mouse secondary or a 
fluorescein-conjugated goat anti-rabbit secondary antibody. 
Nuclei were stained with 300 nM 4',6-diamidino-2-phenylin
dole (DAPI). Experiments were performed in triplicate with a 
minimum of 1000 cells scored per coverslip. For the HSY 
entry assay, peptide was incubated with NHDF cells for 30 
minutes, challenged with HSV-l(KOS)gL86, and any non-
penetrated virus was inactivated with low-pH citrate buffer. 
Cells were incubated 6 hours at 37° C. in DMEM supple
mented with 10% BCS prior to lysis (100 mM sodium phos
phate, 10 mM KC!, 1 mM magnesium sulfate, 0.1 % NP-40, 
pH 7.4). ~-galactosidase activity was measured by addition of 
o-nitrophenyl-~-D-galactopyranoside (ONPG) and the 
absorbance was monitored at 420 nm. 

Virus Binding Assay: 
NHDF cells were grown in 96-well plates and treated with 

integrin-neutralizing antibodies, peptides, or heparin for 60 
minutes at 4 ° C. Cells were then challenged with HCMV AD 
169 at a multiplicity of infection (MOI) of 5 pfu/cell for 60 
minutes at 4 ° C. Unbound virus was removed and cells were 
washed and fixed with 3% paraformaldehyde. Bound HCMV 
was detected with monoclonal antibody 27-78, horseradish 
peroxidase (HRP)-conjugated goat anti-mouse secondary 
antibody, and ImmunoPure TMB Substrate Kit (Pierce, 
Rockford, Ill.). Absorbance was measured at 450 nm. All 
experiments were performed in triplicate. 

Cell-Cell Spread Assay: 
GD25 or GD25~1 cells were grown to complete conflu

ence in 6-well plates. One hundred (100) pfu ofMCMV-GFP 
was added to cells in serum-free D MEM and adsorbed for 20 
minutes at 37° C. Inoculants were aspirated off, washed and 
replaced with DMEM containing 2% BCS for 9 days. 

HCMV Infectivity Assay: 
NHDFs were washed three times with MES buffer fol

lowed by the addition of gB DLD for 60 minutes at 3 7° C. Cells 
were then washed twice with MES buffer, three times with 
PBS and inoculated with HCMV-GFP (MOI=0.5) in serum-
free DMEM. After 60 minutes, virus was removed and a 30 
second, low-pH citrate wash was performed to remove extra
cellular virus. Twenty-four hour, post-infection cells were 

Protein Binding Assay: 50 harvested and flow cytometry was performed to assay for 
GFP-positive cells. Normal human dermal fibroblasts were chilled to 4° C., 

washed three times with cold MES buffer and blocked with 1 
mg/mL bovine serum albumin (BSA) for 30 minutes at 4 ° C. 
Unbound BSA was removed with cold MES washes ( x4). The 
indicated amounts of gBDLD were added to each well for 90 55 

minutes at 4 ° C. Cells were then washed three times with cold 
MES, twice with cold (phosphate-buffered saline (PBS) and 
fixed with 3% paraformaldehyde. An ELISA was then per
formed probing with anti-His rabbit polyclonal antibody 
(Santa Cruz Biotechnology, Santa Cruz, Calif.) and anti-rab- 60 

bit HRP (Pierce). Absorbance was measured at 405 nm. 
Virus Entry Assay: 
For CMV entry assays, subconfluent cells were grown on 

glass coverslips in 12-well plates. Integrin neutralizing anti
bodies or peptides were incubated in serum-free DMEM with 65 

cell monolayer for 30 minutes at 37° C. Cells were washed 
with phosphate-buffered saline (PBS) and incubated with 

HCMV Fusion Assay: 
NHDFs were washed three times with MES buffer fol

lowed by the addition of gB DLD for 60 minutes at 3 7° C. Cells 
were then washed twice with MES buffer, three times with 
PBS and inoculated with diI-labeled HCMV-GFP 
(MOI=0.5), KSHV or VSV in serum-free DMEM. After 60 
minutes, virus was removed and a 30-second, low pH citrate 
wash was performed to remove extracellular virus. Flow 
cytometry was performed 3 hrs post-infection to assay for 
fused (red) cells. Alternatively, microscopy was performed 24 
hrs post-infection to assess GFP expression (immediate early 
gene expression), diI staining (fusion) and phase (cytopathic 
effect). 

Integrin Co-Immunoprecipitation Assay: 
A T-175 flask of NHDFs was grown to complete conflu

ence, washed three times in MES buffer and lysed in 1 mL 
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MES buffer+!% TX-100 (a detergent). Lysate was spun at 
10,000 gfor 10 minutes to remove cell debris. Cell lysate (350 
µL) was then incubated with 20 µg gB DLD for 4 hours at 4 ° C. 
The lysate+gB DLD mixture was then incubated with 50 µL Ni 
beads overnight at 4 ° C. Nickel beads were then washed three 5 

times and protein eluted by boiling and then adding reducing 
SDS-PAGE buffer. Proteins were separated by SDS-PAGE 
and Western blotted for ~1 integrin (Chemicon-1965) or ~3 

tested after treatment with RGD and RGE peptides to rule out 
the possibility ofRGD structural mimicry in these glycopro
teins.21 

FIG. 2A presents the results of a series of assays wherein 
NHDFs were treated with HCMV gB disintegrin-like pep
tide, gB disintegrin-like Null peptide, RGD, or RGE peptide 
prior to HCMV challenge (as indicated in the FIG. 2A). 
Infectivity was determined by IE gene expression. The y-axis 
shows percent inhibition of viral infectivity compared to (Chemicon) as previously described.48 

Results: 
The gB Disintegrin-Like Domain is Highly Conserved 

throughout Herpesviridae: 
Integrin expression patterns on HCMV-susceptible cells, 

HCMV-induced cellular morphological changes, and over
lapping signaling capabilities suggest integrins may be 
involved in HCMV entry. Because all viruses known to utilize 
integrins as entry receptors have been shown to do so by 
extracellular matrix (ECM) protein mimicry, all HCMV 
structural glycoproteins were inspected (via computer match
ing analysis) for the integrin-binding sequences LDV, DGE, 
RGD, NGR, RRETAWA (SEQ. ID. NO: 10), REDV (SEQ. 
ID. NO: 11), SDGR (SEQ. ID. NO: 12), YIGSR (SEQ. ID. 
NO: 13), YIGSE (SEQ. ID. NO: 14), RGES (SEQ. ID. NO: 
15), RSGIY (SEQ. ID. NO: 16), RSGD (SEQ. ID. NO: 17), 
DRDE (SEQ. ID. NO: 18), and SRYD (SEQ. ID. NO: 19). It 
was found that all HCMV glycoproteins lack ECM-derived 
integrin binding sequences, but the gB protein does contain 
the integrin binding disintegrin-like consensus sequence 
RXc6 _8pLXXF (SEQ. ID. NOS: 20, 21, and 22) found in the 
ADAM family ofproteins.15 

The gB sequences of forty-four HCMV clinical isolates 
and two laboratory strains AD 169 and Towne were analyzed 
for the presence of the disintegrin-like domain. The results are 
presented in FIG. lA. The 20 amino acids encompassing the 
gB disintegrin-like domain shared a 98% identity, with 
greater than 99% conservation of the disintegrin-like consen
sus in a positional-dependent manner. In FIG. lA, conserved 
sequences are shown in bold; the conserved residues of the gB 
disintegrin-like domain are shown in bold underline. Non
conserved residues are shown in italics. For each isolate the 
PubMed/Genbank accession number and protein identifica
tion code is given. 

FIG. lB shows that among other beta herpesviruses, the 20 
amino acids encompassing the gB disintegrin-like domain 
share an 86.5% identity with perfect conservation of the dis
integrin-like consensus except for a conservative L----;,F sub
stitution in Baboon CMV gB. (Overall conserved sequences 
shown in bold, the conserved gB disintegrin-like residues 
shown in bold underline, non-conserved sequences shown in 
italics.) Furthermore, as is also shown in FIG. lB, the gB 
disintegrin-like domain is present in many gamma herpesvi
ruses, but absent in alpha herpesviruses, such as herpes sim
plex virus (HSY). 

The import of these results is that the disintegrin-like 
domain is found in a region of gB implicated in receptor 
binding and virus-cell fusion. 19·20 These findings thus repre
sent the first reported case of disintegrin-like domain mimicry 
by a virus. 

CMV Utilizes Integrins in a Disintegrin-Like, Domain
Dependent Manner: 

To test the role of the gB disintegrin-like domain in 
cytomegalovirus entry, peptides corresponding to the 20 
amino acids encompassing this domain were synthesized. 
Additionally, gB disintegrin-like null peptides containing ala
nine substitutions in the disintegrin-like consensus residues 
were also synthesized. Both were analyzed for their effects on 
HCMV entry. HCMV infectivity of fibroblasts was also 

10 infectivity seen with no treatment. FIG. 2A shows that 
HCMV was able to infect RGD-, RGE-, and gB disintegrin
like null peptide-treated cells; however, a dose-dependent 
inhibitory response to infection was observed when the fibro
blasts were treated with gB disintegrin-like peptide. FIG. 2A 

15 clearly shows that treating the cells with the gB disintegrin
like peptide inhibited HCMV infection. Given the high 
degree of conservation of the gB disintegrin-like domain 
throughout the beta herpesvirus subfamily (FIG. lA), the 
effect of the human gB disintegrin-like peptide on mouse 

20 cytomegalovirus (MCMV) infectivity was then tested. 
FIG. 2B presents the results of a series of assays wherein 

murine 3T3 or NHDF cells were treated with HCMV gB 
disintegrin-like peptide or HCMV gB disintegrin-like null 
peptide, and then challenged with MCMY, HCMV or herpes 

25 simplex virus- I (HSV-1 ). From the percent inhibition of viral 
entry shown on the y-axis of FIG. 2B, it is clearly shown that 
treatment of mouse fibroblasts with the gB disintegrin-like 
peptide resulted in a dramatic reduction in MCMV infectiv
ity. By contrast, the gB disintegrin-like peptide had no effect 

30 on the ability of a virus that lacks the gB disintegrin-like 
domain, herpes simplex virus- I (HSV-1 ), to infect cells. 

Integrin-Blocking Antibodies Inhibit HCMV Infection: 
Given the inhibitory effects of the gB disintegrin-like pep

tides as shown in FIGS. 2A and 2B, the role of specific 
35 cellular integrins in HCMV entry was tested. A variety of 

antibodies designed to bind the natural ligand-binding pocket 
of~ 1 integrin and ~3 integrin subunits were tested. ~ 1 inte
grin and ~3 integrin are the two most broadly distributed 
integrins. The results are presented in FIGS. 3A, 3B, and 3C. 

40 The ~1 integrin neutralizing antibody DE9 is known in the 
art_22-2s 

FIGS. 3A, 3B, and 3C collectively demonstrate that inte
grin-neutralizing antibodies inhibit HCMV infectivity. Spe
cifically, FIG. 3A shows that treating NHDFs with DE9 anti-

45 body inhibited HCMV infection in a dose-dependent manner, 
while treating the cells with control ascites had no effect on 
viral infectivity. The percent inhibition of infection as com
pared to infectivity seen with no treatment is shown on the 
y-axis of FIG. 3A. From the percent inhibition of viral entry 

50 shown on the y-axis, it can be clearly seen that integrin
neutralizing antibodies are capable of inhibiting HCMV 
infection. In addition, neutralizing monoclonal antibodies to 
the ~3 integrin subunit also inhibited infection, in contrast to 
both the isotype control or ~1 integrin subunit non-neutraliz-

55 ing antibodies, which showed no inhibitory activity. See FIG. 
3B. These data are consistent with inhibition levels seen by 
other integrin-utilizing viruses and implicate a role for both 
~1 and ~3 integrin subunits in HCMV entry. 

A panel of alpha integrin subunit-neutralizing antibodies 
60 was used to identify specific cellular integrin heterodimers 

involved in viral infection. Treating human fibroblasts with 
monoclonal antibodies to either of the a2 or ~6 integrin 
subunits inhibited HCMV infection. Monoclonal antibodies 
to the a V integrin subunit had only a moderate inhibitory 

65 activity. See FIG. 3C. Neutralizing antibodies to other abun
dantly expressed integrins such as a5, or moderately 
expressed integrins (al, a3) and integrins expressed at low 
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levels (a4) did not inhibit HCMV entry (FIG. 3C). Com
bined, these data provide clear evidence that a specific subset 
of integrin heterodimers ( a2~ 1, a6~ 1 and a V~3) function as 
HCMV entry receptors. 

Cells Lacking ~ 1 Integrin Exhibit Decreased CMV Infec- 5 

tivity: 
To confirm a role for ~ 1 integrins in CMV infection, virus 

entry assays were performed using fibroblasts isolated from 

18 
indicate that ~ 1 integrins play a role in facilitating both viral 
entry and cell-cell dissemination of the virus. 

HCMV Utilizes Integrins in a Past-Attachment Stage Dur
ing the Entry Pathway: 

During virus infection, integrins are utilized as primary 
viral attachment receptors or as post-attachment (fusion-ac
tivating) or internalization receptors. 11 To determine at which 
step in the HCMV entry pathway integrins are functioning, 
cell binding (i.e., attachment) experiments were performed, ~1 integrin knockout mice (GD25),26 or in GD25 cells with 

restored ~1 integrin expression (GD25~1). The results are 
shown in FIGS. 4A and 4B. 

FIG. 4A is a histogram showing the results of an assay 
wherein GD25, GD25~I and NHDF cells were first treated 
with ~1, ~3, or ~1+~3 antibodies, followed by HCMV infec
tion. The percent viral infectivity as compared to infectivity 
seen with no treatment is shown on the y-axis. Because the 
GD25 cells do not express the ~I integrin subunit, they are 
unable to transport any a-subunit that exclusively partners 
with ~I-subunits (al, a2, a3, a5 a7, a8, a9, al 0, al l)tothe 
cell surface. Normalized to ~1 integrin restored cells 
(GD25~1), GD25 fibroblasts allowed for only 39%±3.4 
infectivity of HCMV. Consistent with data presented above, 

10 as well as assays to measure viral payload delivery into the 
cytoplasm (internalization). For the binding assays, virus was 
bound at 4 ° C. to allow for stable virus binding, but to restrict 
fusion and internalization. The results are depicted in FIG. 
6A. FIG. 6A is a histogram showing the results of a series of 

15 assays wherein NHDF cells were treated with HCMV gB 
disintegrin-like peptides, null peptides, integrin-neutralizing 
antibodies, or soluble heparin at 4 ° C., followed by infection 
with HCMV. Attachment was measured by gB ELISA. Under 
conditions that maximally blocked HCMV infection (1 mM 

~ 1 integrin-neutralizing antibody reduced HCMV infectivity 
in GD25~1 and NHDF cells to comparable levels seen in 
GD25 untreated samples. ~3-neutralizing antibody treatment 
also reduced HCMV infectivity in GD25~ 1 and NHDF cells 

20 gB disintegrin-like peptide, 1:50 DE9, a2 and a6 integrin 
antibodies 20 µg/mL) there was no effect on HCMV attach
ment. As was previously known (and utilized here as a posi
tive control), soluble heparin prevented virus attachment.28 

These data suggest that integrins are not involved in cellular 
25 attachment. 

to approximately 60% of levels seen in each respective cell 
line without antibody treatment. The same treatment further 
reduced infectivity in GD25 cells to 28%±3.2. Co-treatment 30 

with both ~I and ~3 antibodies reduced HCMV infectivity to 
approximately 25% in all cell lines tested, a greater reduction 
in infectivity seen with either individual antibody treatment. 

FIG. 4B is a histogram showing the results of an assay 
wherein GD25, GD25~1 and 3T3 cells were treated with ~1, 35 

~3, and ~ 1 +~3 antibodies, followed by MCMV infection. As 
described above, infectivity was determined by scoring el
(early protein) positive cells. The percent infection as com
pared to infectivity seen with no treatment is shown on the 
y-axis of FIG. 4B. Strikingly, MCMV infectivity was reduced 40 

in GD25 cells to less than 10% as compared to the ~1 integrin
expressing GD25~ 1 cells. Treating GD25 fibroblasts with~ 1 
integrin-neutralizing antibodies had no additional inhibitory 
effect on MCMV infectivity. However, in cells expressing ~ 1 
integrins, such as GD25~I or NIH3T3, ~ 1 integrin-neutraliz- 45 

ing antibodies reduced MCMV infectivity to less then 20%. 
In contrast to HCMV infectivity, treating the cells with 
~3-neutralizing antibody had relatively little effect on 
MCMV infectivity. Because ~3-integrin neutralizing anti
bodies do not significantly inhibit MCMV infection, but do 50 

inhibit HCMV infectivity, it can be concluded that MCMV 
utilizes a~ 1 integrin-specific entry pathway, while HCMV is 
capable of interacting with both ~ 1 and ~3 integrins. 

~1 Integrins are Required for Cell-Cell Spread: 
CMV dissemination in vivo is primarily mediated through 55 

cell-cell spread. 27 Most viruses utilize overlapping molecules 
and mechanisms for both entry and cell-cell viral transmis
sion. To examine the role of ~ 1 integrin in CMV spread of 
infection, GD25 or GD25 ~ 1 cells were infected with MCMV
GFP at a low MOI for a nine-day period. GD25 and GD25~1 60 

cells were plated and infected with MCMV-GFP (100 pfu). 
Individual foci ofinfection were monitored overtime for nine 
days and representative focus size for each day of infection by 
cell line was recorded photographically ( data not shown). It is 
notable that both the number of entry events ( see FIG. 4 B) and 65 

the focus size were dramatically reduced in GD25 cells as 
compared to the cells expressing ~1. These results strongly 

Next, an assay was performed that directly measured deliv
ery of an internal virion component. The tegument phosphop
rotein pp65 (UL83) (65 kDa), is delivered to the cytoplasm 
after virus-cell fusion and is targeted to the nucleus by a 
nuclear localization signal. FIG. 6B is a histogram showing 
the results of a series of assays wherein human fibroblasts 
were treated with various integrin-blocking agents, infected 
with HCMV, and then assayed for viral payload as measured 
by pp65 localization. Shown on the y-axis of FIG. 6B is the 
percent inhibition of pp65-positive cells as compared to 
untreated, but infected cells. 

Uptake of pp65 is a direct measure of fusion and uncoating, 
but precedes any virus gene expression. Treatments that 
blocked HCMV infectivity (as measured by IE gene expres
sion) also blocked uptake of this virion component. See FIG. 
6B. Similarly, cells treated with the gB disintegrin-like pep
tide but not the gB disintegrin-like null peptide exhibited little 
uptake of the pp65 tegument protein ( data not shown). These 
data support a role for a2~1, a2~1, and aV~3 as HCMV 
entry receptors and further define the involvement of these 
specific integrins in mediating HCMV internalization, likely 
at the level of membrane fusion. 

The gB Disintegrin-Like Peptide Exerts its Activity When 
Incorporated into a Larger Polypeptide Construct: 

As noted above, a DNA sequence corresponding to amino 
acids 57-146 ofHCMV AD 169 glycoprotein B disintegrin
like domain (''gB DLn") was cloned, and the resulting 
polypeptide expressed in E. coli and purified. The gBDLD 
fragment in the context of the native amino terminus of 
HCMV gB is shown in FIG. 5. The underlined amino acids 
represent the gB disintegrin-like domain. The bold and under
lined sequence represents the consensus integrin recognition 
motif and the sequence of the original disintegrin-like syn
thetic peptide. 

A series of assays as described in the previous examples 
was performed on gBDLD to measure its ability to bind to 
NHDF cells, to measure the kinetics of that binding, and to 
determine if the binding was saturable. The results are shown 
in FIGS. 7, 8, and 9, respectively. 

FIG. 7 is a graph depicting the results of a gBDLD binding 
assay (performed as described previously). Here, binding was 
measured by absorbance at 405 nm. The graph shows that 
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gBDLD binds human fibroblasts with rapid kinetics. To gen
erate the data, human fibroblasts were incubated with gBDLD 
for the indicated times at 4 ° C. Cells were then washed, fixed 
and an ELISA was performed probing for the gBDLD C-ter
minal his-tag. Protein binding was found to be saturable and 5 

occur with rapid kinetics. HCMV attachment and entry kinet-
ics are slower (-60-90 minutes) indicating that the gBDLD
receptor interaction is not the initial attachment step, but 
occurs afterward initial attachment. After the rate-limiting 
attachment of virion to host cell, gB is able to engage its 10 

cell-surface receptor quickly and presumably then triggers 
virus-cell fusion. 

FIG. 8 is a graph depicting gBDLD binding to human fibro
blasts. As is readily apparent from FIG. 8, this binding is 
dose-dependent and saturable. Increasing amounts of gBDLD 15 

were added to cells for 60 minutes, after a BSA (1 mg/mL) 
blocking step. After three IVIES washes and two PBS 
washes, cells were fixed in 3% paraformaldehyde and a His
tag ELISA was performed to quantitate gBDLD bound to cells. 
Binding of gBDLD to fibroblast monolayers reached satura- 20 

tion at relatively low concentrations (12.5 µg/mL) indicating 
a specific interaction with the cellular receptor expressed at a 
moderate level. 

FIG. 9 is a graph depicting the results of an assay to deter
mine if gBDLD blocks NHDF cells from infection with 25 

HCMV. The infectivity assay was performed as described in 
the earlier examples. Briefly, gBDLD or BSA was added to 
human fibroblasts for 60 minutes. Cells were then washed, 
followed by HCMV-GFP challenge for 60 minutes. Cells 
were then citrate washed to remove any extracellular virus 30 

and incubated overnight. Flow cytometry was performed to 
assay for GFP positive versus total cells. As is readily 
observed from FIG. 9, gBDLD exerts a dose-dependent inhi
bition of HCMV infectivity in the cells tested. The IC50 for 
HCMV neutralization by gBDLD was calculated to be 20.5 35 

µg/mL or 1.96 µM. The striking efficiency ofHCMV neutral
ization marks one of the most potent protein-based HCMV 
anti-viral agents characterized to date. 

gBDLD Blocks HCMV Fusion: 

20 
FIG. 10 shows a robust pull down of~l integrin when lysates 
were probed with gBDLD (FIG. 10, right-hand lane), but not 
with ~3 under the same conditions (FIG.11, right-hand lane). 
These data are the first demonstrated interaction between the 
gB disintegrin-like domain and its reported cellular receptor, 
~ 1 integrin. 

gBDLD Triggers Cytoskeletal Rearrangements: 
~1 integrins are known inducers of broad signal transduc

tion events. Most notably, upon ligand binding, integrins are 
capable of dramatic reorganization of the cellular architec
ture. To test the role of gB DLD in mediating signaling events, 
we stimulated NHDF cells with buffer alone, gBDLD, or a 
known cytoskeletal reorganizer (EGF), followed by actin 
staining with phalloidin. When compared to normal resting 
fibroblasts (buffer alone), both EGF and gBDLD triggered a 
dramatic reorganization of the cytoskeleton including the 
formation offilopodia (data not shown). 

Significance of the Examples: 
In accordance with the invention, each specific integrin 

heterodimer is capable of interacting with an overlapping set 
ofligands, a characteristic that many pathogens have evolved 
to exploit. Most viruses that utilize integrins as receptors are 
capable of engaging several different integrin heterodimers. 
Herein, a number of distinct methods all provide evidence for 
an integrin-dependent HCMV entry pathway, with specific 
involvement of a2~1, a6~1, and aV~3 integrin het-
erodimers. In antibody blocking experiments, antibodies to 
a2, a6, a V, ~ 1, and ~3 inhibited HCMV entry and infectivity, 
but not host cell binding. In contrast, cells treated with al, a3, 
a4, a5, and~ 1 (non-neutralizing) antibodies had no effect on 
virus entry or binding. 

Inhibition of virus entry due to antibody blocking was not 
influenced by the relative abundance of each integrin het
erodimer. HCMV entry was inhibited when antibodies 
blocked both highly expressed integrin heterodimers ( a V~3), 
as well as those with lower levels of expression (a6~1), but 
not the abundant a5 subunit, or the non-neutralizing ~1, or 
scarce integrins such as a4. These observations eliminate the 
possibility that blocking of abundant integrins inhibited viral 
entry through steric hindrance or that blocking scarce het
erodimers inhibited viral entry due to complete antibody satu-
ration. 

It is generally accepted that HCMV enters cells by direct 
fusion at the plasma membrane.29 Thus, HCMV is the first 
enveloped virus to utilize integrins in a pH-independent 
attachment and fusion mechanism. However, several biologi-
cally crucial processes fitting the same criterion regularly 
occur within the human host. ~ 1 integrins are utilized in 
myoblast-myoblast, osteoclast-osteoclast, macrophage-mac
rophage and vertebrate sperm-egg attachment and fusion 
events via unidentifiedmechanisms.30

-
33 Although the inven-

tors are not limited to any underlying mechanism, the present 
invention provides evidence that integrins function as HCMV 
receptors involved in virus entry, likely during the fusion step, 

To assess whether gBDLD was able to block HCMV infec- 40 

tion at or before the virus-cell fusion event, virion envelope 
lipid was labeled with diI and dye transfer in cells pre-treated 
with gBDLD was measured directly. Cells were treated with 
gBnw or BSA (320 µg/mL) or with soluble heparin (50 
µg/mL) followed by diI-labeled HCMV or KSHV challenge. 45 

At 24 hours post-infection, cell monolayers were photo
graphed to observed dye transfer (fusion) ( data not shown). In 
cells treated with gBDLD, complete block of HCMV fusion 
and gene expression was seen; however no block was 
observed with BSA. These results indicate that gBDLD bind- 50 

ing to cells specifically blocks virus fusion and further that the 
block does not occur non-specifically, or through steric hin
drance. As expected, soluble heparin blocks HCMV attach
ment to host cells (and therefore blocks any downstream 
events such as fusion or gene expression). 55 as well as during cell-cell spread. This interaction seems to 

require the disintegrin-like domain found in the N-terminal 
region of gB. Interestingly, the vertebrate sperm glycoprotein 
ADAM 2 contains an N-terminal disintegrin-like domain that 
binds egg cell surface a6~1 integrin to mediate sperm-egg 

gBDLD Binds ~1 Integrin: 
To identify the cellular receptor for gBDLD we performed 

co-immunoprecipitation studies. Briefly, gBDLD was incu
bated with human fibroblast lysates and pulled down with 
nickel-conjugated agarose beads. 60 binding and fusion events. It remains a possibility that HCMV 

gB mimics ADAM 2 in its method of binding cellular inte
grins to promote the fusion event. The conservation of the 
disintegrin-like domain among herpesviruses suggests that 

Because gB DLD contains a known ~ 1 integrin binding 
motif, gBDLD bound to its cellular receptor was isolated by 
SDS-PAGE and then Western blotted for either ~1 or ~3 
integrin. The resulting gels are shown in FIG. 10 (~1) and 
FIG. 11 (~3). As can readily be seen from the far right-hand 65 

lane in each of FIGS. 10 and 11, gBDLD interacts with ~1 
integrins, but does not interact with ~3 integrins. In particular, 

elucidation of the precise mechanism of HCMV fusion may 
provide insight towards a conserved fusion mechanism 
within Herpesviridae, sperm-egg interactions and other inte-
grin-mediated pH-independent fusion events. 
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Regardless of the underlying mechanism, the examples 
clearly indicate that gB disintegrin-like peptides are useful to 
inhibit infection of cells by various cytomegaloviruses, and 
related viruses. 

It has been shown that the immune sensor Toll-like Recep- 5 

tor 2 (TLR 2) is activated in response to HCMV infection, 
thereby resulting in induction of innate immune responses.34 

In addition, a recent report indicates that EGFR functions as 
a HCMV receptor in certain cell types.7 In combination with 
the literature and the examples presented herein, a CMV entry 10 

pathway can be modeled in which a multi-component com
plex forms, allowing the engagement of multiple receptors 
and the formation of a functional signaling platform. The 
proposed model places cellular integrins in a central ligating 

15 
role. A connection between ~1 and ~2 integrins and an 
enhancement ofTLR signaling has been described.35

•
36 Fur

ther, both ~ 1 and ~3 integrins have been shown to associate 
with EGFR, activate EGFR in a ligand-independent manner 
(i.e., activate EGFR through integrin binding)37

•
38 and syn- 20 

ergistically enhance EGFR signaling.39 At present, the 
sequence of HCMV engagement with TLR 2, EGFR, and 
integrin receptors remains undefined. Also under investiga
tion are the coordination and signaling properties of each of 
these receptors in both entry and immune detection. 25 
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<160> NUMBER OF SEQ ID NOS, 54 

<210> SEQ ID NO 1 
<211> LENGTH, 17 
<212> TYPE, PRT 

SEQUENCE LISTING 

<213> ORGANISM: Human cytomegalovirus 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (2) .. (6) 
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<223> OTHER INFORMATION, Xaa can be any naturally occurring amino acid 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (9) .. (10) 
<223> OTHER INFORMATION, Xaa can be any naturally occurring amino acid 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
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-continued 

<222> LOCATION, (12) .. (16) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

<400> SEQUENCE, 1 

Arg Xaa Xaa Xaa Xaa Xaa Asp Leu Xaa Xaa Phe Xaa Xaa Xaa Xaa Xaa 
1 5 10 15 

Cys 

<210> SEQ ID NO 2 
<211> LENGTH, 18 
<212> TYPE, PRT 
<213> ORGANISM: Human cytomegalovirus 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (2) .. (7) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (10) .. (11) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (13) .. (17) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

<400> SEQUENCE, 2 

Arg Xaa Xaa Xaa Xaa Xaa Xaa Asp Leu Xaa Xaa Phe Xaa Xaa Xaa Xaa 
1 5 10 15 

Xaa Cys 

<210> SEQ ID NO 3 
<211> LENGTH, 19 
<212> TYPE, PRT 
<213> ORGANISM: Human cytomegalovirus 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (2) .. (8) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (11) .. (12) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (14) .. (18) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

<400> SEQUENCE, 3 

Arg Xaa Xaa Xaa Xaa Xaa Xaa Xaa Asp Leu Xaa Xaa Phe Xaa Xaa Xaa 
1 5 10 15 

Xaa Xaa Cys 

<210> SEQ ID NO 4 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM: Human cytomegalovirus 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (2) .. (9) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (12) .. (13) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (15) .. (19) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

<400> SEQUENCE, 4 

26 
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-continued 

Arg Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Asp Leu Xaa Xaa Phe Xaa Xaa 
1 5 10 15 

Xaa Xaa Xaa Cys 
20 

<210> SEQ ID NO 5 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM: Human cytomegalovirus 

<400> SEQUENCE, 5 

Arg Val Cys Ser Met Ala Gln Gly Thr Asp Leu Ile Arg Phe Glu Arg 
1 5 10 15 

Asn Ile Val Cys 
20 

<210> SEQ ID NO 6 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM: Epstein-Barr virus 

<400> SEQUENCE, 6 

Arg Val Cys Glu Leu Ser Ser His Gly Asp Leu Phe Arg Phe Ser Ser 
1 5 10 15 

Asp Ile Gln Cys 
20 

<210> SEQ ID NO 7 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM: Kaposi's sarcoma-associated herpesvirus 

<400> SEQUENCE, 7 

Arg Val Cys Ser Ala Ser Ile Thr Gly Glu Leu Phe Arg Phe Asn Leu 
1 5 10 15 

Glu Gln Thr Cys 
20 

<210> SEQ ID NO 8 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM: Human cytomegalovirus 

<400> SEQUENCE, 8 

Arg Val Cys Ser Met Ala Gln Gly Thr Asp Leu Ile Arg Phe Glu Arg 
1 5 10 15 

Asn Ile Ile Cys 
20 

<210> SEQ ID NO 9 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM: Human cytomegalovirus 

<400> SEQUENCE, 9 

Ala Val Cys Ser Met Ala Gly Gly Thr Ala Ala Ile Arg Ala Glu Arg 
1 5 10 15 

Asn Ile Ile Cys 
20 

<210> SEQ ID NO 10 
<211> LENGTH, 7 
<212> TYPE, PRT 

28 
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<213> ORGANISM, Artificial 
<220> FEATURE, 

US 8,586,034 B2 

-continued 

<223> OTHER INFORMATION, Integrin recognition motif 

<400> SEQUENCE, 10 

Arg Arg Glu Thr Ala Trp Ala 
1 5 

<210> SEQ ID NO 11 
<211> LENGTH, 4 
<212> TYPE, PRT 
<213> ORGANISM, Artificial 
<220> FEATURE, 
<223> OTHER INFORMATION, Integrin recognition motif 

<400> SEQUENCE, 11 

Arg Glu Asp Val 
1 

<210> SEQ ID NO 12 
<211> LENGTH, 4 
<212> TYPE, PRT 
<213> ORGANISM, Artificial 
<220> FEATURE, 
<223> OTHER INFORMATION, Integrin recognition motif 

<400> SEQUENCE, 12 

Ser Asp Gly Arg 
1 

<210> SEQ ID NO 13 
<211> LENGTH, 5 
<212> TYPE, PRT 
<213> ORGANISM, Artificial 
<220> FEATURE, 
<223> OTHER INFORMATION, Integrin recognition motif 

<400> SEQUENCE, 13 

Tyr Ile Gly Ser Arg 
1 5 

<210> SEQ ID NO 14 
<211> LENGTH, 5 
<212> TYPE, PRT 
<213> ORGANISM, Artificial 
<220> FEATURE, 
<223> OTHER INFORMATION, Integrin recognition motif 

<400> SEQUENCE, 14 

Tyr Ile Gly Ser Glu 
1 5 

<210> SEQ ID NO 15 
<211> LENGTH, 4 
<212> TYPE, PRT 
<213> ORGANISM, Artificial 
<220> FEATURE, 
<223> OTHER INFORMATION, Integrin recognition motif 

<400> SEQUENCE, 15 

Arg Gly Glu Ser 
1 

<210> SEQ ID NO 16 
<211> LENGTH, 5 
<212> TYPE, PRT 
<213> ORGANISM, Artificial 
<220> FEATURE, 

30 
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-continued 

<223> OTHER INFORMATION, Integrin recognition motif 

<400> SEQUENCE, 16 

Arg Ser Gly Ile Tyr 
1 5 

<210> SEQ ID NO 17 
<211> LENGTH, 4 
<212> TYPE, PRT 
<213> ORGANISM, Artificial 
<220> FEATURE, 
<223> OTHER INFORMATION, Integrin recognition motif 

<400> SEQUENCE, 17 

Arg Ser Gly Asp 
1 

<210> SEQ ID NO 18 
<211> LENGTH, 4 
<212> TYPE, PRT 
<213> ORGANISM, Artificial 
<220> FEATURE, 
<223> OTHER INFORMATION, Integrin recognition motif 

<400> SEQUENCE, 18 

Asp Arg Asp Glu 
1 

<210> SEQ ID NO 19 
<211> LENGTH, 4 
<212> TYPE, PRT 
<213> ORGANISM, Artificial 
<220> FEATURE, 
<223> OTHER INFORMATION, Integrin recognition motif 

<400> SEQUENCE, 19 

Ser Arg Tyr Asp 
1 

<210> SEQ ID NO 20 
<211> LENGTH, 12 
<212> TYPE, PRT 
<213> ORGANISM, Unknown 
<220> FEATURE, 
<223> OTHER INFORMATION, Integrin-binding disintegrin-like consensus 

sequence from ADAMS protein family 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (2) .. (7) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (10) .. (11) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

<400> SEQUENCE, 20 

Arg Xaa Xaa Xaa Xaa Xaa Xaa Asp Leu Xaa Xaa Phe 
1 5 10 

<210> SEQ ID NO 21 
<211> LENGTH, 13 
<212> TYPE, PRT 
<213> ORGANISM, Unknown 
<220> FEATURE, 
<223> OTHER INFORMATION, Integrin-binding disintegrin-like consensus 

sequence from ADAMS protein family 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (2) .. (8) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

32 
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<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (11) .. (12) 

US 8,586,034 B2 

-continued 

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

<400> SEQUENCE, 21 

Arg Xaa Xaa Xaa Xaa Xaa Xaa Xaa Asp Leu Xaa Xaa Phe 
1 5 10 

<210> SEQ ID NO 22 
<211> LENGTH, 14 
<212> TYPE, PRT 
<213> ORGANISM, Unknown 
<220> FEATURE, 
<223> OTHER INFORMATION, Integrin-binding disintegrin-like consensus 

sequence from ADAMS protein family 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (2) .. (9) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (12) .. (13) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

<400> SEQUENCE, 22 

Arg Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Asp Leu Xaa Xaa Phe 
1 5 10 

<210> SEQ ID NO 23 
<211> LENGTH, 11 
<212> TYPE, PRT 
<213> ORGANISM, Unknown 
<220> FEATURE, 
<223> OTHER INFORMATION, Disintegrin-like domain from ADAMS protein 

family 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (2) .. (6) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (9) .. (10) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

<400> SEQUENCE, 23 

Arg Xaa Xaa Xaa Xaa Xaa Asp Leu Xaa Xaa Phe 
1 5 10 

<210> SEQ ID NO 24 
<211> LENGTH, 12 
<212> TYPE, PRT 
<213> ORGANISM, Unknown 
<220> FEATURE, 
<223> OTHER INFORMATION, Disintegrin-like domain from ADAMS protein 

family 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (2) .. (7) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (10) .. (11) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

<400> SEQUENCE, 24 

Arg Xaa Xaa Xaa Xaa Xaa Xaa Asp Leu Xaa Xaa Phe 
1 5 10 

<210> SEQ ID NO 25 
<211> LENGTH, 13 
<212> TYPE, PRT 

34 



<213> ORGANISM, Unknown 
<220> FEATURE, 

35 
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-continued 

<223> OTHER INFORMATION, Disintegrin-like domain from ADAMS protein 
family 

<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (2) .. (8) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (11) .. (12) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

<400> SEQUENCE, 25 

Arg Xaa Xaa Xaa Xaa Xaa Xaa Xaa Asp Leu Xaa Xaa Phe 
1 5 10 

<210> SEQ ID NO 26 
<211> LENGTH, 11 
<212> TYPE, PRT 
<213> ORGANISM, Unknown 
<220> FEATURE, 
<223> OTHER INFORMATION, Disintegrin-like domain from ADAMS protein 

family 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (2) .. (6) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (9) .. (10) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

<400> SEQUENCE, 26 

Arg Xaa Xaa Xaa Xaa Xaa Asp Leu Xaa Xaa Leu 
1 5 10 

<210> SEQ ID NO 27 
<211> LENGTH, 12 
<212> TYPE, PRT 
<213> ORGANISM, Unknown 
<220> FEATURE, 
<223> OTHER INFORMATION, Disintegrin-like domain from ADAMS protein 

family 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (2) .. (7) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (10) .. (11) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

<400> SEQUENCE, 27 

Arg Xaa Xaa Xaa Xaa Xaa Xaa Asp Leu Xaa Xaa Leu 
1 5 10 

<210> SEQ ID NO 28 
<211> LENGTH, 13 
<212> TYPE, PRT 
<213> ORGANISM, Unknown 
<220> FEATURE, 
<223> OTHER INFORMATION, Disintegrin-like domain from ADAMS protein 

family 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (2) .. (8) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (11) .. (12) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

<400> SEQUENCE, 28 

36 
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-continued 

Arg Xaa Xaa Xaa Xaa Xaa Xaa Xaa Asp Leu Xaa Xaa Leu 
1 5 10 

<210> SEQ ID NO 29 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM: Human cytomegalovirus 

<400> SEQUENCE, 29 

Arg Val Cys Ser Met Ala Gln Gly Ile Asp Leu Ile Arg Phe Glu Arg 
1 5 10 15 

Asn Ile Val Cys 
20 

<210> SEQ ID NO 30 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM: Human cytomegalovirus 

<400> SEQUENCE, 30 

Arg Val Cys Ser Met Ala Gln Gly Ile Asp Leu Ile Arg Leu Glu Arg 
1 5 10 15 

Asn Ile Val Cys 
20 

<210> SEQ ID NO 31 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM: Human cytomegalovirus 

<400> SEQUENCE, 31 

Arg Val Cys Ser Leu Ala Gln Gly Ile Asp Leu Ile Arg Phe Glu Arg 
1 5 10 15 

Asn Ile Val Cys 
20 

<210> SEQ ID NO 32 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM: Human cytomegalovirus 

<400> SEQUENCE, 32 

Arg Val Cys Ser Met Ala Gln Gly Ile Asp Leu Ile Arg Phe Asp Arg 
1 5 10 15 

Asn Ile Val Cys 
20 

<210> SEQ ID NO 33 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM: Human cytomegalovirus 

<400> SEQUENCE, 33 

Arg Val Cys Ser Met Ala Gln Gly Ile Asp Leu Ile Arg Leu Glu Arg 
1 5 10 15 

Asn Ile Ile Cys 
20 

<210> SEQ ID NO 34 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM: Human cytomegalovirus 

38 



US 8,586,034 B2 
39 40 

-continued 

<400> SEQUENCE, 34 

Arg Val Cys Ser Met Ala Gln Gly Ile Asp Leu Ile Arg Phe Glu Arg 
1 5 10 15 

Asn Ile Ile Cys 
20 

<210> SEQ ID NO 35 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM, Human cytomegalovirus 

<400> SEQUENCE, 35 

Arg Val Cys Ser Met Ala Gln Gly Ile Asp Leu Ile Arg Phe Asp Arg 
1 5 10 15 

Asn Ile Val Cys 
20 

<210> SEQ ID NO 36 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM, Human cytomegalovirus 

<400> SEQUENCE, 36 

Arg Val Cys Thr Met Ala Gln Gly Ile Asp Leu Ile Arg Phe Asp Arg 
1 5 10 15 

Asn Ile Val Cys 
20 

<210> SEQ ID NO 37 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM, Human cytomegalovirus 

<400> SEQUENCE, 37 

Arg Val Cys Ser Met Ala Gln Gly Thr Asp Leu Ile Arg Phe Glu Arg 
1 5 10 15 

Asn Ile Ile Cys 
20 

<210> SEQ ID NO 38 
<211> LENGTH, 19 
<212> TYPE, PRT 
<213> ORGANISM, Murine cytomegalovirus 

<400> SEQUENCE, 38 

Arg Val Cys Met Ser Val Ser Thr Asp Leu Val Arg Phe Gly Lys Ser 
1 5 10 15 

Ile Asp Cys 

<210> SEQ ID NO 39 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM, Rhesus cytomegalovirus 

<400> SEQUENCE, 39 

Arg Val Cys Ser Met Ala Gln Gly Thr Asp Leu Leu Arg Phe Glu Gly 
1 5 10 15 

Asn Ile Asn Cys 
20 

<210> SEQ ID NO 40 
<211> LENGTH, 20 
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41 42 

-continued 

<212> TYPE, PRT 
<213> ORGANISM, Baboon cytomegalovirus 

<400> SEQUENCE, 40 

Arg Val Cys Ser Ile Ala Lys Gly Thr Asp Phe Leu Arg Phe Glu Gln 
1 5 10 15 

Asn Ile Gln Cys 
20 

<210> SEQ ID NO 41 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM, Guinea pig cytomegalovirus 

<400> SEQUENCE, 41 

Arg Ile Cys Ser Met Ser Met Gly Thr Asp Leu Val Arg Phe Ala Arg 
1 5 10 15 

Thr Ile Gln Cys 
20 

<210> SEQ ID NO 42 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM, Porcine cytomegalovirus 

<400> SEQUENCE, 42 

Arg Val Cys Asn Met Ala Val Gly Thr Asp Leu Tyr Arg Phe Asp Asn 
1 5 10 15 

Tyr Ile Thr Cys 
20 

<210> SEQ ID NO 43 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM, Human herpesvirus 6A 

<400> SEQUENCE, 43 

Arg Ile Cys Ser Ile Ala Lys Gly Thr Asp Leu Met Arg Phe Asp Arg 
1 5 10 15 

Asp Ile Ser Cys 
20 

<210> SEQ ID NO 44 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM, Human herpesvirus 6B 

<400> SEQUENCE, 44 

Arg Ile Cys Ser Ile Ala Lys Gly Thr Asp Leu Met Arg Phe Asp Arg 
1 5 10 15 

Asp Ile Ser Cys 
20 

<210> SEQ ID NO 45 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM, Human herpesvirus 7 

<400> SEQUENCE, 45 

Arg Ile Cys Ser Ile Ala Thr Gly Thr Asp Leu Val Arg Phe Asp Arg 
1 5 10 15 

Glu Val Ser Cys 
20 
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-continued 

<210> SEQ ID NO 46 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM, Epstein-Barr virus 

<400> SEQUENCE, 46 

Arg Val Cys Glu Leu Ser Ser His Gly Asp Leu Phe Arg 
1 5 10 

Asp Ile Gln Cys 
20 

<210> SEQ ID NO 47 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM, Kaposi's sarcoma-related virus 

<400> SEQUENCE, 47 

Arg Val Cys Ser Ala Ser Ile Thr Gly Glu Leu Phe Arg 
1 5 10 

Glu Gln Thr Cys 
20 

<210> SEQ ID NO 48 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM, human gamma-2 herpesvirus 

<400> SEQUENCE, 48 

Arg Val Cys Ser Ala Ser Thr Thr Gly 
1 5 

Asp Arg Thr Cys 
20 

<210> SEQ ID NO 49 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM, Ross River virus 

<400> SEQUENCE, 49 

Arg Val Cys Ser Ala Ser Ala Thr Gly 
1 5 

Glu Lys Thr Cys 
20 

<210> SEQ ID NO 50 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM, Murine norovirus 

<400> SEQUENCE, 50 

Arg Val Cys Gly Val 
1 5 

Asp Lys Thr Cys 
20 

<210> SEQ ID NO 51 
<211> LENGTH, 20 
<212> TYPE, PRT 

Ala Ala Thr Gly 

Glu 
10 

Glu 
10 

Glu 
10 

<213> ORGANISM, herpes simplex virus 1 

<400> SEQUENCE, 51 

Leu Phe Arg 

Leu Phe Arg 

Thr Phe Arg 

Phe Ser 
15 

Phe Asn 
15 

Phe Asp 
15 

Phe Asn 
15 

Phe Asp 
15 

Ser 

Leu 

Leu 

Leu 

Leu 

Tyr Val Cys Pro Pro Pro Thr Gly Ala Thr Val Val Gln Phe Glu Gln 

44 
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Pro Arg Arg Cys 
20 

5 

<210> SEQ ID NO 52 
<211> LENGTH, 20 
<212> TYPE, PRT 

45 

10 

<213> ORGANISM, herpes simplex virus 2 

<400> SEQUENCE, 52 

-continued 

15 

Tyr Val Cys Pro Pro Pro Thr Gly Ala Thr Val Val Gln Phe Glu Gln 
1 5 10 15 

Pro Arg Arg Cys 
20 

<210> SEQ ID NO 53 
<211> LENGTH, 20 
<212> TYPE, PRT 
<213> ORGANISM: Varicella zoster virus 

<400> SEQUENCE, 53 

Tyr Val Cys Pro Pro Pro Thr Gly Ser Thr Ile Val Arg Leu Glu Pro 
1 5 10 15 

Thr Arg Thr Cys 
20 

<210> SEQ ID NO 54 
<211> LENGTH, 180 
<212> TYPE, PRT 
<213> ORGANISM, Artificial 
<220> FEATURE, 
<223> OTHER INFORMATION, Cloned gD-DLD diintegrin-like peptide and 

flanking sequences 

<400> SEQUENCE, 54 

Met Glu Ser Arg Ile Trp Cys Leu Val Val Cys Val Asn Leu Cys Ile 
1 5 10 15 

Val Cys Leu Gly Ala Ala Val Ser Ser Ser Ser Thr Ser His Ala Thr 
20 25 30 

Ser Ser Thr His Asn Gly Ser His Thr Ser Arg Thr Thr Ser Ala Gln 
35 40 45 

Thr Arg Ser Val Tyr Ser Gln His Val Thr Ser Ser Glu Ala Val Ser 
50 55 60 

His Arg Ala Asn Glu Thr Ile Tyr Asn Thr Thr Leu Lys Tyr Gly Asp 
65 70 75 80 

Val Val Gly Val Asn Thr Thr Lys Tyr Pro Tyr Arg Val Cys Ser Met 
85 90 95 

Ala Gln Gly Thr Asp Leu Ile Arg Phe Glu Arg Asn Ile Ile Cys Thr 
100 105 110 

Ser Met Lys Pro Ile Asn Glu Asp Leu Asp Glu Gly Ile Met Val Val 
115 120 125 

Tyr Lys Arg Asn Ile Val Ala His Thr Phe Lys Val Arg Val Tyr Gln 
130 135 140 

Lys Val Leu Thr Phe Arg Arg Ser Tyr Ala Tyr Ile Tyr Thr Thr Tyr 
145 150 155 160 

Leu Leu Gly Ser Asn Thr Glu Tyr Val Ala Pro Pro Met Trp Glu Ile 

His His Ile Asn 
180 

165 170 175 

46 
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What is claimed is: 
1. A method of inhibiting viral infection of an animal host 

cell, the method comprising administering to the host cell an 
antiviral-effective amount of an active agent comprising a 
purified antibody that binds selectively to an integrin-bind- 5 

ing, gB disintegrin-like peptide comprising the consensus 
sequence RX5-8DLXXFX5C (SEQ. ID. NOS: 1-4), and 
wherein the purified antibody binds to the consensus 
sequence. 

2. The method of claim 1, wherein the purified antibody 10 

binds selectively to an integrin-binding, gB disintegrin-like 
peptide comprising the amino acid sequence RVCSMAQGT
DLI RFERNIVC (SEQ. ID. NO: 5). 

3. The method of claim 1, wherein the purified antibody 
binds selectively to an integrin-binding, gB disintegrin-like 15 

peptide comprising residues 91-111 of glycoprotein B of 
human cytomegalovirus. 

4. The method of claim 1, wherein the purified antibody 
inhibits engagement ofvirions with cellular integrins. 

5. The method of claim 1, wherein the purified antibody 20 

inhibits internalization of virus of family Herpesviridae (V.C. 
31) into the host cell. 

6. The method of claim 1, wherein the purified antibody 
inhibits internalization of virus of family Herpesviridae, sub
family Beta herpesviridae (Y.C. 31.2) into the host cell. 

7. The method of claim 1, wherein the purified antibody 
inhibits internalization of virus of family Herpesviridae, sub
family Beta herpesviridae, genus Cytomegalovirus (V.C. 
31.2.1) into the host cell. 

25 

8. The method of claim 1, wherein a purified monoclonal 30 

antibody is administered to the host cell. 
9. The method of claim 1, wherein a purified polyclonal 

antibody is administered to the host cell. 

48 
13. The composition of claim 10, wherein the purified 

antibody binds selectively to an integrin-binding, gB disinte
grin-like peptide comprising residues 91-111 of glycoprotein 
B of human cytomegalovirus, and wherein the purified anti
body binds to residues 91-111 of glycoprotein B of human 
cytomegalovirus. 

14. The composition of claim 10, wherein the purified 
antibody inhibits engagement of virions with cellular inte
grins. 

15. The composition of claim 10, wherein the purified 
antibody is a monoclonal antibody. 

16. The composition of claim 10, wherein the purified 
antibody is a polyclonal antibody. 

17. A purified antibody that binds specifically to an inte-
grin-binding, gB disintegrin-like peptide comprising the con
sensus sequence RX5 _8DLXXFX5C (SEQ. ID. NOS: 1-4)), 
and wherein the purified antibody binds to the consensus 
sequence. 

18. The purified antibody of claim 17, wherein the antibody 
binds selectively to an integrin-binding, gB disintegrin-like 
peptide comprising the amino acid sequence RVCSMAQGT
DLIRFERNIVC (SEQ. ID. NO: 5), and wherein the purified 
antibody binds to the amino acid sequence. 

19. The purified antibody of claim 17, wherein the antibody 
binds selectively to an integrin-binding, gB disintegrin-like 
peptide comprising residues 91-111 of glycoprotein B of 
human cytomegalovirus, and wherein the purified antibody 
binds to residues 91-111 of glycoprotein B of human cytome
galovirus. 

20. The purified antibody of claim 17, wherein the antibody 
inhibits engagement ofvirions with cellular integrins. 

21. The purified antibody of claim 17, wherein the antibody 
inhibits internalization of virus of family Herpesviridae (V.C. 
31) into host cells. 

22. The purified antibody of claim 17, wherein the antibody 
inhibits internalization of virus of family Herpesviridae, sub
family Beta herpesvirinae (V.C. 31.2) into host cells. 

40 
23. The purified antibody of claim 17, wherein the antibody 

inhibits internalization of virus of family Herpesviridae, sub
family Beta herpesvirinae, genus Cytomegalovirus (V.C. 
31.2.1) into host cells. 

10. A composition comprising an antiviral-effective 
amount of a purified antibody that binds specifically to an 35 

integrin-binding, gB disintegrin-like peptide comprising the 
consensus sequence RX5-8 DLXXFX5 C (SEQ. ID. NOS: 
1-4 ), and wherein the purified antibody binds to the consensus 
sequence. 

11. The composition of claim 10, further comprising, in 
combination, a pharmaceutical carrier suitable for adminis
tration by a route selected from the group consisting of 
parenterally, orally, subcutaneously, and topically. 

12. The composition of claim 10, wherein the purified 
antibody binds selectively to an integrin-binding, gB disinte
grin-like peptide comprising the amino acid sequence RVC
SMAQGTDLIRFERNIVC (SEQ. ID. NO: 5), and wherein 
the purified antibody binds to the amino acid sequence. 

24. The purified antibody of claim 17, wherein the antibody 

45 
is a monoclonal antibody. 

25. The purified antibody of claim 17, wherein the antibody 
is a polyclonal antibody. 

* * * * * 
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