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Abstract

Background: While the ability of bacteriophages to kill bacteria is well known and has been used
in some centers to combat antibiotics — resistant infections, our knowledge about phage
interactions with mammalian cells is very limited and phages have been believed to have no intrinsic
tropism for those cells.

Presentation of the hypothesis: At least some phages (e.g., T4 coliphage) express Lys-Arg-Gly
(KGD) sequence which binds B3 integrins (primarily allbp3). Therefore, phages could bind B3+
cells (platelets, monocytes, some lymphocytes and some neoplastic cells) and downregulate
activities of those cells by inhibiting integrin functions.

Testing the hypothesis: Binding of KGD+ phages to 33 integrin+ cells may be detected using
standard techniques involving phage — mediated bacterial lysis and plaque formation. Furthermore,
the binding may be visualized by electron microscopy and fluorescence using labelled phages.
Binding specificity can be confirmed with the aid of specific blocking peptides and monoclonal
antibodies. In vivo effects of phage — cell interactions may be assessed by examining the possible
biological effects of B3 blockade (e.g., anti-metastatic activity).

Implication of the hypothesis: If, indeed, phages can modify functions of 33+ cells (platelets,
monocytes, lymphocytes, cancer cells) they could be important biological response modifiers
regulating migration and activities of those cells. Such novel understanding of their role could open
novel perspectives in their potential use in treatment of cardiovascular and autoimmune disease,
graft rejection and cancer.

Background to apply phages in treating bacterial infections. While
Bacterial predators, i.e. bacteriophages (phages) — viruses ~ phage treatment has been successfully used in Russia,
that infect and rapidly destroy bacteria, were discovered =~ Georgia and Poland, it has been largely ignored in the
almost a century ago and there have been many attempts =~ West. The emerging crisis of antibiotic resistance and the
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uncertain outlook for new antibiotics have dramatically
altered this state of affairs, generating renewed interest in
phages as a means of eradicating drug-resistant patho-
gens. Recently, Science published a comprehensive over-
view of the current situation and perspectives of phage
therapy, highlighting the significance of our Institute's
contributions [1].

While the ability of phages to attack bacteria has been
known since their discovery (also reflected in their name),
our knowledge about phage interactions with mammali-
an cells is very limited. In fact, phages have been believed
to have no intrinsic tropism for those cells. Such tropism
can be conferred on phages by fusing their surface pro-
teins to a cell-targeting ligand. In this way, phage vectors
have been adapted for targeted gene delivery [2]. On the
other hand, phages are the most abundant life forms on
Earth, being virtually omnipresent. Moreover, phage ther-
apy is practically free of any side effects, as shown by re-
sults of phage treatment in the former Soviet Union and
Poland (as well as in the USA, where phage preparations
were licensed for sale in 1930s) [3,4]. They are consumed
with foods, and some fresh water sources may contain up
to 10%(billion) per ml [1,4]. Merril detected phages in an-
imal sera and suggested that interactions between phages
and mammalian cells should be investigated [5]. Further-
more, somatic coliphages can be detected in 68% and
B.fragilis in 11% of the stools of healthy volunteers [6],
whilst Enterococcus faecalis phages may be present in hu-
man saliva which suggest their role in the oral ecosystem

[7]-

Since phages are ubiquitous in our environment, the
question arises whether human body can recognize them
and mount an immune response. Indeed, elevated titers
of antibodies against staphylococcal phage antigens can
be detected in some 10% of healthy individuals and 44%
patients with staph infections (in patients with acute in-
fection, a 4-fold rise in antiphage antibody titer can oc-
cur). During regression of infection, a titer fall has been
observed [8,9]. This data suggest that naturally occurring
phages can induce humoral immunity. Antiphage anti-
bodies can also be detected in the sera of patients treated
with these phages [4,10]. Furthermore, in vivo humoral re-
sponses to phage phi X174 have been used for more than
30 years in clinical immunology as a measure of T-helper
cell dependent antibody production [11-15]. In vitro,
anti-phi X174 antibody is produced by lymphocytes from
phage-immunized (but not unimmunized) subjects in the
presence of antigen [16]. No data on potential T cell me-
diated anti-phage responses are available. These observa-
tions suggest that humans can mount at least a humoral
response to phages and these appear to be innocuous (the
phage used for immunocompetence testing could be re-
peatedly administered intravenously). The latter conclu-
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sion is also confirmed by the data of Wenger et al. who
studied the in vitro effects of phages on human lym-
phocytes and embryonic kidney cells [17]. The authors
found no viability or cytogenetic effects of phages in cul-
ture. It is also known that expression of eukariotic genes
incorporated into the phage genome can take place as an
effect of gene engineering (phages used as vectors for gene
delivery). For example, phage lambda was used for com-
plementation of the congenital absence of an enzyme in
human fibroblasts [18]. Many investigations on this kind
of engineered vectors have shown their ability of internal-
ization into eukariotic cells but no observations of phage
amplification or cell destruction have been described
[19]. Therefore, it appears that phages are not detrimental
to the host cells.

Can they bind to the host cells? As pointed out, both Led-
erberg and Merril were interested in a potential tropism of
phages for mammalian cells and suggested that such inter-
actions be investigated [5,20]. In fact, the preferential ac-
cumulation of phages in tumor tissues and inhibition of
tumor growth was already demonstrated in the 1940s,
and binding to neoplastic cells was confirmed later by
Kantoch et al. from our Institute [21,22]. They also sug-
gested that T2 phages bind in vivo to guinea pig leukocytes
(but not erythrocytes) [23]. In addition, Wenger et al. sug-
gested that phages can attach to the plasma membrane of
lymphocytes [17]. These interesting and potentially rele-
vant observations were not pursued further, so the possi-
ble mechanisms responsible for the phenomena reported
have not been unraveled.

Which receptors could be used by phages to bind mam-
malian cells and contribute to the described effects? It is
known that viruses may utilize integrins (most often 3)
for their attachment to cells (HIV, HPEV1 virus as well as
hantavirus) [24-26]. Furthermore, adenovirus binding is
also mediated by that integrin, and phages engineered so
as to display the respective ligand can bind mammalian
cells using B3 [27]. Nevertheless, phages could also use
non-integrin receptors for binding to mammalian cells.
For example, it has been suggested that CD26 is closely in-
volved in HIV cell entry [28,29]. Furthermore, the non-in-
tegrin receptor DC-SIGN on dendritic cells may capture
and transmit HIV to a wide variety of receptor-positive
cells [30]. In addition, CMV envelope glycoprotein B is a
viral ligand for that receptor [31]. The same receptor was
shown to bind ebola glycoprotein and enhance infection
of macrophages and endothelial cells [32]. Recently, vi-
ruses have been shown to interact with macrophages and
lymphocytes and activate these cells using toll-like recep-
tors [33,34]. Therefore, one could expect that naturally oc-
curring phages may use similar mechanisms for possible
interactions with host cells.
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As mentioned earlier, there might also be other recep-
tor:ligand systems enabling phage interactions with mam-
malian cells (both integrin and non-integrin). If they
indeed exist, further genomic studies could unravel these
potential mechanisms, which at the present time may
only be speculative. Therefore, we believe that the pro-
posed B3 : KGD binding interaction is currently the most
plausible phenomenon suggesting that phage binding to
the host cells may indeed occur.

Presentation of the hypothesis

If phages indeed use a cellular receptor for their attach-
ment to host cells, a suitable ligand for that receptor
should be available on the phages. In fact, a KGD (Lys-
Gly-Asp) sequence is present within the gp24 head corner
protein of at least some phages (e.g., T4). There are 55
copies of this protein expressed by each phage, 5 at each
head corner (the complete genomic sequence of the T4 phage
is available in databases (see the National Center for Bio-

technology Information: http://www.ncbi.nlm.nih.gov/
PMGifs/Genomes/phg.html). According to these data,

there is a KGD tripeptide sequence in a head corner pro-
tein. We confirmed this by a direct sequencing of gene 24
of our laboratory T4 strain (unpublished data).

This sequence is recognized by the major platelet integrin
alIbB3 (the receptor for fibrinogen, von Willebrand fac-
tor, and some extracellular matrix proteins) [35]. The in-
tegrin may also be expressed by monocytes, some of
which are B3+ and avf3+ [36]. Resting T cells are weakly
B3+, but can acquire allbp3 within as soon as 1 hr follow-
ing in vitro activation (unpublished observations). Inter-
estingly, it has recently been shown that this integrin may
also be expressed by neoplastic cells, where it seems to be
associated with their increased ability to grow and form
metastasis [37,38]. Thus, our hypothesis implies that
phages can bind host cells expressing alIbp3 and proba-
bly avB3 (an integrin having much lower affinity for
KGD) [39].

Recently, a CD40 ligand (CD40L, CD154), known to acti-
vate endothelium and stimulate inflammation, was
shown to have the KGD sequence, which allows it to bind
to allbB3 and activate platelets [39]. CD40L is crucial for
T- and B-lymphocyte activation, and an interruption of
CD40-CD40L interaction has been shown to inhibit graft
rejection, autoimmune diseases, development of arterio-
sclerosis and angiogenesis [40,41]. KGD+ phages could
compete with CD40L in its binding to B3 integrins on
platelets and lymphocytes and prevent further activation
of these cells. By binding aIIbf3 on activated T cells these
phages may coat their surface (phage opsonization), im-
pair their ability to interact with adherent cells, endothe-
lium and extracellular matrix proteins, and eventually
cause their clearance from the circulation (similar to
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OKT3 monoclonal antibody and anti-lymphocyte globu-
lin treatment).

The possible phage binding to platelets, monocytoid cells
and lymphocytes may also explain why endogenous
phages exert only a weak antibacterial action in wvivo,
whilst being so virulent against the same bacteria in vitro,
a paradox that has never been adequately explained [1].
On the one hand, such binding could markedly reduce
phage availability and dynamic interaction between phag-
es and their bacterial targets in vivo (but not in vitro, where
phages and bacteria confront each other directly, without
the involvement of any other cellular interactions). On
the other hand, the binding of phages to platelets, mono-
cytoid and lymphoid cells may also explain why phages
may be rapidly cleared from the blood by the spleen.

Testing the hypothesis

In vitro

Phages should bind cells expressing aIIbf3 (and, to some
extent, avB3), i.e. platelets, neoplastic cells (positive for
B3), and activated T cells. This binding may be detected by
the standard technique which detects plaque-forming
units (PFU) produced by cell-bound phages lysing bacte-
ria as originally used by Bloch [21] (which further indi-
cates that different phage receptors are used for binding
bacteria and mammalian cells) or by counting PFU
formed by unbound phages present in cell-free superna-
tants. Furthermore, purified phages can be immobilized
on plastic plates and cell adhesion may be evaluated using
standard adhesion assays evaluated by ELISA. Binding
may be confirmed by electron microscopy and fluoro-
chrome-labeled phages, as recently described [42]. The
binding specificity can be confirmed using agents known
to block the function of B3 integrin (monoclonal antibod-
ies as well as RGD- and KGD-containing peptides, e.g., ep-
tifibatide (Integrilin), which contains a modified KGD
sequence and is known to be a specific alIf3 blocker)
[43]. In addition, platelet binding to fibrinogen may be
impaired by phages containing the KGD sequence and
thus competing with fibrinogen for allbp3. Also, by a
similar mechanism, phages should impair the binding of
platelets to immobilized CD40L (competition in binding
to platelet alIbp3 between the phage and the CD40L KGD
sequence). Finally, the veracity of our hypothesis could
also be confirmed by "the experiment of nature", that is,
binding experiments using platelets from patients with
Glanzmann's thrombastenia, an inherited platelet disor-
der characterized by a complete lack of platelet aggrega-
tion due to a defect in the allbB3 complex or to a
qualitative abnormality of this complex [44]; such plate-
lets should not be able to bind KGD+ phages (in contrast
to normal platelets).
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In vivo

The administration of KGD+ phages may impair the
growth and metastasis of tumor cells, which can be as-
sayed using well-known systems in rodents (e.g., the effect
on the formation of pulmonary metastases in mice by the
B3+ B16 mouse melanoma cell line). In addition, platelet
function can be assessed in phage-treated animals with
the assumption that phage treatment could produce ef-
fects similar to those of platelet allbp3 integrin blockers
currently in use (e.g., eptifibatide).

Implications

If, indeed, phages can bind mammalian cells and, per-
haps, affect integrin B3 functions in vivo, this could revo-
lutionize our current understanding of their biological
significance. Consequently, they could no longer be con-
sidered solely as "bacteriophages" or bacterial viruses, as
their anti-bacterial activity would only reflect one of their
possible, multifaceted actions. Thus, such data would
open completely new areas of study of the biological role
of phages. Evidently, if phages can downregulate B3 in-
tegrin function, this could offer exciting and novel per-
spectives of their use, not only as antibacterial agents
(whose efficacy could also be enhanced by blocking bind-
ing interactions), but also in the potential treatment of
cardiovascular and autoimmune disease, cancer and
transplant rejection. Phages could contribute to immuno-
surveillance against cancer by blocking 3 integrin activity
on neoplastic cells thus preventing their growth in situ (in-
duction of apoptosis?) and metastasis formation. Also, by
occupying the avf3 integrin receptor, phages could de-
prive neoplastic cells from growth signals provided by ex-
tracellular matrix proteins [45]. Bloch demonstrated
already in the 40th that injected phages store themselves
electively in malignant tumors and that the Erlich carcino-
ma loses a high percentage of its transplantation ability
upon phage addition [21]. Phage interactions with plate-
let B3 integrins and platelet-bound CD40L (which was re-
cently shown to bind to platelets and stabilize arterial
thrombi [39]), may produce effects similar to drugs inter-
fering with their functions (e.g., eptifibatide) and thereby
inhibit platelet hyperactivation which appears to play a
prominent role in the initiation of atherosclerosis and its
complications [46].

Of particular interest is the possible immunosuppressive
effect of KGD+ phages which may coat activated T cells by
binding to their allbp3. Such phenomenon could be of
importance in the digestive tract, where the immune sys-
tem has to control the massive antigen challenge repre-
sented by the commensal bacterial flora. Some forms of
experimental colitis in mice are dependent on hyperactiv-
ity of CD4+ T cells [47]. KGD+ phages could provide local
immunosuppression and thereby prevent the develop-
ment of autoimmune colitis. Phages occupying cellular re-
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ceptors could prevent infection and re-infection of those
cells (with their subsequent destruction) by pathogenic vi-
ruses using the same receptors for their cell entry. In other
words, phages could engage in "a combat zone in the viral
battlefield", as suggested by this type of reactivities at the
level of plasma membrane and HIV infection [48] and
thereby help our immune system that usually does not
prevent the re-infection but does prevent clinical disease
[49].

It is generally accepted that bacteria may be pathogenic or
probiotic; the latter can generate immune signals which
protect the human body against other pathogens [50,51].
This could be a more universal phenomenon and may
also apply to what have been termed simply bacteriophag-
es hitherto.

While further studies are needed to substantiate or dismiss
these claims, confirmation of our hypothesis that phages
bind to the mammalian cells would pave the way for ex-
citing novel studies on the true place and role of phages in
nature and their possible role in our defense against inter-
nal and external enemies.
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Note
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Acknowledgments
AG is recipient of a grant No 4P05B 012 18 from State Committee for Sci-
entific Research.

References

I. Stone R Stalin's forgotten cure. Science 2002, 298:728-73 |

2. lLarocca D, Burg MA, Jensen-Pergakes K, Ravey EP, Gonzalez AM and
Baird A Evolving phage vectors for cell targeted gene deliv-
ery. Curr Pharm Biotechnol 2002, 3:45-57

3. Weber-Dabrowska B, Mulczyk M and Goérski A Bacteriophage
therapy of bacterial infections: an update of our institute's
experience. Arch Immunol Ther Exp 2000, 48:547-551

4.  Sulakvelidze A, Alavidze Z and Morris |G Bacteriophage therapy.
Antimicrob Agents Chemother 2001, 45:649-659

Page 4 of 5

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12399562
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1126/science.298.5594.728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11883506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11883506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1197610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1197610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1197610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11181338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1128/AAC.45.3.649-659.2001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=90351

Medical Immunology 2003, 2

20.
21.

22.

23.

24.

25.

26.

27.

28.

Merril CR, Friedman TB, Attallah AFM, Geier MR, Krell K and Yarkin
R Isolation of bacteriophages from commercial sera. In Vitro
1972, 8:91-93

Gantzer C, Henny | and Schwartzbrod L Bacterioides fragilis and
Escherichia coli bacteriophages in human faeces. Int | Hyg En-
viron Health 2002, 205:324-328

Bachrach G, Leizerovici-Zigmond M, Zlotkin A, Naor R and Steiberg
D Bacteriophage isolation from human saliva. Lett Appl Micro-
biol 2003, 36:50-53

Kamme C Antibodies against staphylococcal bacteriophages
in human sera. I. Assay of antibodies in healthy individuals
and in patients with staphylococcal infections. Acta Pathol
Microbiol Scand (B) Microbiol Immunol 1973, 81:741-748

Hedstrom SA and Kamme C Antibodies against staphylococcal
bacteriophages in human sera. Il. Assay of antibodies in ex-
acerbation and regression of chronic staphylococcal osteo-
miyelitis. Acta Path Microbiol Scand (B) 1973, 81:749-752
Kucharzewicz-Krukowska A and Slopek S Immunogenic effects of
bacteriophage in patients subjected to phage therapy. Arch
Immun Ther Exp 1987, 35:553-561

Ochs HD, Davis SD and Wedgwood R} Immunologic responses
to bacteriophage phi-X 174 in immunodeficiency diseases. |
Clin Invest 1971, 50:2559-1568

Sullivan JL, Ochs HD, Schiffman G, Hammerschlag MR, Miser J, Vicin-
sky E and Wedgwood R] Immune response after splenectomy
Lancet 1978, 18:178-181

Fogelman |, Davey V, Ochs HD, Elashoff M, Feinberg MB, Mican |,
Siegel JP, Sneller M and Lane HC Evaluation of CD4+ T cell func-
tion in vivo in HIV-infected patients as measured by bacteri-
ophage phi 174 immunization. J Infect Dis 2000, 182:435-441
Shearer WT, Lugg DJ, Rosenblatt HM, Nickoll PM, Sharp RM, Reuben
JM and Ochs HD Antibody responses to bacteriophage phi X-
174 in human subjects exposed to the antarctic wind - over
model of spaceflight J Allergy Clin Immunol 2001, 107:19-20
Rubinstein A, Mizrachi Y, Bernstein L, Shliozberg |, Goldener M, Liu
GQ and Ochs DH Progressive specific immune attrition after
primary, secondary and tertiary immunizations with bacte-
riophage phi X 174 in asymptomatic HIV-I infected patients.
AIDS 2000, 14:F55-62

Bohnsack J, Ochs HD, Wedgewood RJ and Heller SR Antibody to
bacteriophage phi X 174 synthesized by cultured human pe-
ripheral blood lymphocytes. Clin Exp Immunol 1985, 59:673-678
Wenger SL, Turner JH and Petricciani JC The cytogenetic, prolif-
erative and viability effects of four bacteriophages on human
lymphocytes. In Vitro 1978, 14:543-549

Merril CR, Geier MR and Petricciani JC Bacterial virus gene ex-
pression in human cells. Nature 1971, 233:398-400

Di Giovine M, Salone B, Martina Y, Amati V, Zambruno G, Cundari E
and Failla CM Saggio Binding properties, cell delivery, and
gene transfer of adenoviral penton base displaying bacteri-
ophage. Virology 2001, 282:102-112

Lederberg ] Smaller fleas... ad infinitum: therapeutic bacteri-
ophage redux. Proc Nat Acad Sci USA 1996, 93:3167-3168

Bloch H Experimental investigation on the relationships be-
tween bacteriophages and malignant tumors. Arch Virol 1940,
1:481-496(in German)

Kafitoch M and Mordarski M Binding of bacterial viruses by can-
cer cells in vitro. Post Hig Med Dosw 1958, 12:191-192(in Polish)
Kafitoch M Studies on phagocytosis of bacterial viruses. Arch
Immun Ther Exp 1958, 6:63-84(in Polish)

Lafrenie RM, Lee SF, Hewlett IK, Yamada KM and Dhawan S Involve-
ment of integrin alphavbeta3 in the pathogenesis of human
immunodeficiency virus type | infection in monocytes. Virolo-
gy 2002, 297:31-38

Triantafilou K, Takada Y and Triantafilou M Mechanism of integrin
- mediated virus attachment and internalization process. Crit
Rev Immunol 2001, 21:311-322

Gavrilovskaya IN, Brown EJ, Ginsberg MH and Mackow ER Cellular
entry of hantavirus which cause hemorrhagic fever with re-
nal syndrome is mediated by beta3 integrins. | Virol 1999,
73:3951-3959

Ling WL, Longley RL, Brassard DL, Armstrong L and Schaefer E| Role
of integrin alphavbeta3 in the production of recombinant ad-
enovirus in HEK - 293 cells. Gene Ther 2002, 9:907-914

De Meester |, Korom S, Van Damme | and Scharpe S CD26, let it
cut or cut it down. Immunol Today 1999, 20:367-375

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44,
45.

46.

47.
48.
49.
50.

http://www.medimmunol.com/content/2/1/2

Ohtsuki T, Tsuda H and Morimoto C Good or evil: CD26 and HIV
infection. | Dermatol Sci 2000, 22:152-160

Pohlmann S, Baribaud F and Doms RW DC-SING and DC-SIGNR:
helping hands for HIV. Trends Immunol 2001, 22:643-646

Halary F, Amara A, Lortat-Jacob H, Messerle M and Delauncy T Hu-
man Cytomegalovus binding DC- SIGN is required for den-
dritic cell infection and target cell trans-infection. Immunity
2002, 17:653-664

Simmons G, Reeves D and Grogan GC DC-SIGN and DC-SIGNR
bind ebola glycoproteins and enhance infection of macro-
phages and endothelial cells. Virology 2003, 305:115-123

Rassa JC, Meyers )L, Zhang Y, Kudaravalli R and Ross SR Murine ret-
roviruses activate B cells via interaction with toll-like recep-
tor 4. Proc Nat Acad Sci USA 2002, 99:2281-2286

Haeberle HA, Takizawa R, Casola A, Brasier AR, Dieterich HJ, Van
Rooijen N, Gatalia Z and Garofalo RP Respiratory syncytial virus
- induced activation of NF-kappaB in the lung involves alve-
olar macrophages and toll-like receptor 4 — dependent path-
ways. | Infect Dis 2002, 186:1199-1206

Philips DR, Charo IF and Scarborough RM GPIIb - Illa: the respon-
sive integrin. Cell 1991, 65:359-362

Weerasinghe D, McHugh KP, Ross FP, Brown EJ and Gisler RH A
role of the avf3 integrin in the transmigration of monocytes.
] Cell Biol 1998, 142:595-607

Trikha M, Zhou T, Timar J, Raso E, Kennel M, Emmel E and Nakada
MT Multiple roles for platelet GPIIb/llla and alphavbeta3 in-
tegrins in tumor growth, angiogenesis, and metastasis. Cancer
Res 2002, 62:2824-2833

Trikha M, Raso E and Cai Y Role of alphallbbeta3 integrin in
prostate cancer metastasis. Prostate 1998, 15:185-192

Andre P, Prasad KSS, Denis CV, He M, Papalia JM, Hynes RO, Phillips
DR and Wagner DD CD40L stabilizes arterial thrombi by a 33
integrin - dependent mechanism. Nature Med 2002, 8:247-252

Biancone L, Cantaluppi V and Camussi G CD40-CD40L interac-
tions in experimental and human disease (review). Int | Mol
Med 1999, 3:343-353

Andre P, Nannizzi-Alaimo L, Prasad SK and Phillips DR Platetet —
derived CD40L. The switch-hitting player in cardiovascular
disease. Circulation 2002, 106:896-899

Gitis V, Adin A, Nasser A, Gun ] and Lev O Fluorescent dye la-
beled bacteriophages — a new tracer for the investigation of
viral transport in porous media. Water Res 2002, 36:4227-4234

Lefkovits J, Plow EF and Topol E] Mechanisms of disease: platelet
glycoprotein llb/llla receptors in cardiovascular medicine. N
Engl ] Med 1995, 332:1553-1559

Nair S, Ghosh K, Kulkarni B, Shetty S and Mohanty D Glanzmann's
thrombastenia: updated. Platelets 2002, 13:387-393

Brassard DL, Maxwell E, Malkowski M, Nagabhushan TL, Kumar CC
and Armstrong L Integrin alpha(v)beta(3)-mediated activation
of apoptosis. Exp Cell Res 1999, 251:33-45

Massberg S, Brand K and Gruner S A critical role of platelet ad-
hesion in the initiation of atherosclerotic lesion formation. |
Exp Med 2002, 196:887-896

Elson CO and Cong Y Understanding immune-microbial
homeostasis in intestine. Immunol Res 2002, 26:87-94

Dom RW and Trono D The plasma membrane as a combat
zone in the HIV battlefield. Genes Dev 2000, 14:2677-2688

Levy JA Is HIV superinfection worrisome? Lancet 2003, 361:98-
99

Marteau P, Seksik P and Jian R Probiotics and health: new facts
and ideas. Curr Opin Biotechnol 2002, 13:486-489

Cross MC Microbes versus microbes: immune signals gener-
ated by probiotic lactobaccilli and their role in protection
against microbial pathogens. FEMS Immunol Med Microbiol 2002,
34:245-253

Page 5 of 5

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4567658
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12068752
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12068752
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12485342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4273800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4273800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4273800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4273801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4273801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4273801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5129308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5129308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=74605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10915073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10915073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10915073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1086/315739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11149984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11149984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11149984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1067/mai.2001.112034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1097/00002030-200003100-00004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1097/00002030-200003100-00004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10770533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3157517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3157517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3157517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=680773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=680773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=680773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4940436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4940436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11259194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11259194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11259194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/viro.2000.0809
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8622908
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8622908
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.93.8.3167
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=39576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12083833
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12083833
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12083833
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/viro.2002.1399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11922076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11922076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=104173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=104173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=104173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10196290
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12085238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12085238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12085238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1038/sj.gt.3301726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10431157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10431157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0167-5699(99)01486-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10698152
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10698152
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0923-1811(99)00081-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11738974
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11738974
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S1471-4906(01)02081-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12433391
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12433391
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12433391
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12504546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12504546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12504546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/viro.2002.1730
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11854525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11854525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11854525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.042355399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=122356
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12402188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12402188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12402188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1086/344644
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2018971
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2018971
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9679155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1083/jcb.142.2.595
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12019160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12019160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9582087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9582087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/(SICI)1097-0045(19980515)35:3<185::AID-PROS4>3.0.CO;2-G
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11875495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11875495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1038/nm0302-247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10085405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10085405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12186789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12186789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12186789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1161/01.CIR.0000028962.04520.01
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12420927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12420927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12420927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0043-1354(02)00163-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7739710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7739710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1056/NEJM199506083322306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12487785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12487785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1080/0953710021000024394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10438569
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10438569
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/excr.1999.4559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12370251
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12370251
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1084/jem.20012044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12403348
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12403348
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11069884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11069884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1101/gad.833300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12531573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0140-6736(03)12242-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12459342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12459342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0958-1669(02)00368-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12443824
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12443824
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12443824
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0928-8244(02)00377-2

	Abstract
	Background
	Presentation of the hypothesis
	Testing the hypothesis
	Implication of the hypothesis

	Background
	Presentation of the hypothesis
	Testing the hypothesis
	In vitro
	In vivo

	Implications
	Competing interests
	Authors contributions
	Note
	Acknowledgments
	Acknowledgments

	References

