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Abstract

Dendrimers are a novel class of polyanionic macromolecules with broad-spectrum antiviral activities and minimal toxicities. A new generati
of amide dendrimer, SPL7013, was evaluated as a lead microbicide candidate against herpes simplex viruses (HSV). The plaque reduction a
showed that the 50% effective concentrations{ff@etermined by pre-treatment of cells were 2dgIml for HSV-1 and 0.;ug/ml for HSV-2.
Inhibitory effects were also observed on HSV-infected cells withBOf 6.1ug/ml for HSV-1 and 3.§.g/ml for HSV-2. These are the mean
values from the test results of six batches of SPL7013. SPL7013 was also shown to be equally potent against HSV drug-resistant strains. SPL
completely inhibited viral adsorption to Vero cells at concentrations of higher thayil. Analyzed by a LightCycler assay after treatment of
HSV-infected cells for 17 h, SPL7013 showed strong inhibition of HSV DNA synthesis withssl€ approximately 6.2 and 2 0y/ml for HSV-1
and HSV-2, respectively. SPL7013 retained its anti-HSV activity even after treatment at acidic pHs 3.0 and 4.0 for 2h. The presence of 1(
human serum proteins did not affect the anti-HSV activity of SPL7013. SPL7013 was not toxic to Vero cells up to the highest concentration tes
(10,000ug/ml). Effects on cell proliferation were tested on two epithelial cell lines in both stationary and dividing phases. The 50% cytotoxit
concentrations (C&) in all cases were greater than 10,Qa@ml. Our data indicate that SPL7013 is a promising candidate for development as a
vaginal microbicide and a therapeutic agent.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction infected with STDs including HSV, human immunodeficiency
virus (HIV) and human papillomaviruses (HPV). The devel-
Genital herpes infection is one of the world’s most prevalenibpment of safe topical microbicides is of great importance in
sexually transmitted diseases (STDs). Itis typically the outcoméhe field of STD preventionThe International Working Group
ofinfection by HSV-2; although HSV-1 also causes genital infec-on Vaginal Microbicides, 1996Potts, 200D. One approach
tion, it is more commonly the cause of labialis or ‘cold sores’.to the control of transmission of STDs is the use of topically
Both HSV-1 and HSV-2 infections are life-long infections with applied, female-controlled microbicides that: (i) inactivate the
frequent recurrences (for reviews sBeehmer and Lehman, relevant pathogens by disrupting the organism cell membrane
1997; Roizman and Knipe, 2001; Whitley, 2001t is esti-  or by dissociating organism proteinkrébs et al., 1999 (ii)
mated that several hundred million individuals worldwide areblock the receptor—ligand interactions essential for infectivity
(Herold et al., 199¥, or (iii) alter the vaginal environment and
reduce susceptibility to infection (e.g., buffering gels). Spermi-
— _cidal preparations of surfactants, such as nonoxynol-9 (N-9),
* Correspondlng author. Present address: JoI_'lnson & Johnson Corporanc{rﬁat inactivate enveloped viruses like HSV, have been investi-
Gen De Wittelaan L11 B3, 2800 Mechelen, Belgium. Tel.: +32 15 444 245; ) ) s !
fax: +32 15 401 257. gated as vaginal microbicideB¢pe et al., 1998Unfortunately
E-mail address: gongedwin@yahoo.com (E. Gong). N-9 was found to increase the rate of HIV transmission by 50%.
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This result can be rationalized in hindsight based on N-9's modeulture media for these cell lines were as recommended by

of action and is now not recommended as an effective mear&TCC.

of HIV prevention Mauck, 2001; Van Damme et al., 2002

Consequently, there is an urgent need to develop novel, nor:3. Virus infectivity assays

toxic compounds that can efficiently reduce sexually transmitted

infections. Viral plaque reduction assays were performed according to
Dendrimers are a new class of precisely constructed macrdhe guidelines of the NCCLS (National Committee for Clini-

molecules that are characterized by multiple layers of branchechl Laboratory Standards). The cytopathic effect (CPE) inhibi-

subunits emanating from a central core and are constructed liypn assay, virus adsorption assay, time-of-addition experiment,

the repeated stepwise addition of branched subunits to a reaand cytotoxicity assays were performed as previously described

tive core McCarthy et al., 2005; Bernstein et al., 2003; Bourne(Gong et al., 200R

et al., 2000; Gong et al., 2002; Witvrouw et al., 2D0W/e

have previously shown the dual sites of action of dendrimep.4. Effect on HSV DNA synthesis

SPL-2999, an inhibitor of HSV internalization and an effec-

tive agent for the treatment of HSV-infected cell&aong Confluent Vero cells were infected with either HSV-1 or

et al., 2002. The new generation of lead dendrimer, SPL7013HSV-2 at a multiplicity of infection (moi) of 0.01 at 3TC

has been proven to have better activities against H&e  for 1 h. Following removal of virus inoculum, infected cells

et al., 2001; Bernstein et al., 2008nd is active against HIV were washed with PBS and overlaid with medium containing

(McCarthy et al., 2005; Dezzutti et al., 2004hows strong SPL7013 at concentrations of 0, 0.01, 0.1, 1, 10, andu.1gtl.

protection in a macaque SHIV vaginal challenge modelr(g At 17 h post-infection (p.i.), the medium was aspirated and the

et al., 200% and is easy to synthesize. It is therefore ancells were washed with PBS. Four hundred microliters of lysis

ideal microbicide for the prevention and treatment of HSVbuffer (0.01 M Tris—HCI, pH7.8,0.001 M EDTA and 0.5% SDS)

infections. was added to each well. The lysates from triplicate wells were
In the present study, we have evaluated the antiviral effipooled. The cell lysates were then digested with p0mI

cacy, mechanism of action, and toxicity of SPL7013, a leadf proteinase K at 37C for 3h. The DNA was extracted by

microbicide against HSV infections. We also report the gen-using a standard phenol/chloroform meth&ufbrook et al.,

eration and phenotypic characterization of dendrimer-resistarit989.

HSV-1. The antiviral efficacies of SPL7013 in different pHs A real-time PCR assay (Lightcycler) was used for quantita-

and in the presence of human serum proteins were alstion of viral DNA. The reaction in a volume of 20 contained

evaluated. 2mM MgClp, 0.5uM each of the primers HSV 5911(€AG
TAC GGC CCC GAG TTC GTG A-3 and HSV 6367 (5GTA

2. Materials and methods GAT GGT GCG GGT GAT GTT-3, 0.2uM of the fluorescein-
labeled hybridization probe HSV 6045F {6GT GTG GGA

2.1. Test compound CAT AGG CCA GAG CCA CTT-3), 0.4pM of the LC-Red

640 labeled hybridization probe HSV 6073R-GAG AAG
Dendrimer SPL7013 was synthesized by Starpharma Lim€GC AGC AAG ATA AAG GTG AAC GG-3), 1.0 U of uracil
ited, Melbourne, Australia. The chemical formula of SPL7013DNA glycosylase, and 2.Ql of LC-FastSTART DNA Master
is BHA.lys15lys16(NHCOCH20)1-(3,6-naphth(ga)2,  Hybridization probe (Roche Biochemicals, Canada). A HSV
(BHA: benzhydrylamine) and it has a molecular weight plasmid DNA construct containing part of the HSV DNA poly-
of 16,581 Da. The structure of SPL7013 was described bynerase gene was diluted serially and used as a standard for

McCarthy et al. (2005) gquantitative analysis. The cycling conditions were as follows:
1 cycle at 95C for 10 min, followed by 45 cycles at 9% for
2.2. Virus and cells 5s,57C for 10s, 60C for 15s, 72C for 20 s.

HSV reference strains F (HSV-1) and G (HSV-2) were pur-2.5. Generation of dendrimer-resistant HSV
chased from American Type Culture Collection, Manassas, VA
(ATCC). Strain delta 333 is a laboratory HSV-2 TKthymi- The SPL7013-resistant viruses were obtained by serial pas-
dine kinase) mutant with phenotypic resistance to both pencisage of reference strains in the presence of increasing concen-
clovir and acyclovir. Strain 615.8 is a HSV-1 DNA polymerasetrations of SPL7013Andrei et al., 200D Confluent Vero cells
mutant with phenotypic resistance to foscarnet. Both were giftén a T75 flask were infected with HSV-1 or HSV-2 at a moi of
from Dr Donald Coen, Harvard Medical School, MA. The Vero 0.002 at 37C for 2 h. The infected cells were washed with PBS,
cells (African green monkey kidney cells) were purchased fromand then covered with culture medium containing SPL7013 at
ATCC and used in the virus plaque reduction assays. The cultutke concentration of the Egs. With every passage of the virus,
medium for Vero cells was Minimum Essential Medium supple-the dendrimer concentration was increased twofold. The cultures
mented with 5% fetal bovine serum (MEM/5%FBS), 100 U/ml were terminated at generation 21. The resistant viruses were then
penicillin and 10Qug/ml streptomycin. Two epithelial cell lines, plague-purified, and the antiviral susceptibilities were tested by
Hela-229 and Hep-2, were also purchased from ATCC. Tha plaque reduction assay.
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2.6. Evaluation of antiviral efficacy of SPL7013 in different drug-treated wells/the mean plaque counts in control wells
pH without drug). EGps were calculated using computer program
Statview™ using a linear regression.

Phosphate buffers with pHs ranging from 3 to 9 were prepared
by mixing different ratios of 1 M NgHPO, and 1 M NabPOy. 3. Results
A stock solution of dendrimer (40 final concentrations) was
prepared in sterile water and 220wvas added to 180@lofeach 3 ;7. wusiviral activity of SPL7013 against HSV
pH buffer. The mixture was incubated at37 for 2h and 1 ml
of PBS was then added to buffer unexpected pH changes which 11, apjlity of SPL7013 to block the HSV entry process was
otherwise might affect the cell growth. Two milliliter of>x2 oy amined in susceptible cells that were incubated with vari-
MEM was used to dilute the drug and make final concentrationg ;s concentrations of SPL7013 for 1 h prior to virus infection.
of '0_3, 1, 3, 10, and 3@g/m|,'respect|vely. I\/IOCK treatment \;ra| infection was performed in the presence of SPL7013.
(without drug) was performed in parallel and received PBS. They¢q, incubating at 37C for 1 h, viral inoculum and SPL7013
pH-treated dendrimer (1 ml) was then incubated with confluenf,ore removed by washing with PBS. Antiviral activity was
Vero cells at 37C for 1 h. HSV-2 or HSV-1 (200 pfu/well) was  ihan determined by plaque reduction assay and theEC
subsequently added to the cells and incubated a€3or 1h. ;. s mmarized iffable 1 The results Fig. 1A) showed
After the inoculum was removed, the cells were overlaid Withthat the dendrimer SPL7013 was highly active at prevent-
methylcellulose (no drug) for a plaque assay. ing HSV infection. The EGos determined by pre-treatment
of cells were 2.Ghg/ml (standard deviation 0.48) for HSV-1
and 0.5.g/ml (standard deviation 0.08) for HSV-2. These data
were obtained from the test results of six batches of SPL7013.

Plaque reduction assays were used to test the efficacy dihe antiviral activities were slightly better against HSV-2 than

SPL7013 against HSV in the presence of human serum proteins. V-1.

The dendrimer SPL7013 was prepared in medium supplemented TaPlé 1shows the antiviral activity of SPL7013 in HSV-
with either 10% human serum (obtained from HSV negative'”feCted cells. Vero cells were infected with either HSV-1 or
donors) or 10 mg/ml human albumin (Sigma). Additional exper-HSV'Z and then treated with increasing doses of SPL7013.

iments were performed by incubating varying doses of SPL7014ntiviral activity was determined by plaque reduction assay. The
in human serum at 37 overnight, which was then used to pre- results Fig. 1B) showed that SPL7013 had a strong inhibitory

treat the cells and treat infected cells as described. effect on viral replication in cells tha'F were already infected
with either HSV-1 or HSV-2. The E£gs in this treatment were

2.8. Effect of SPL7013 on cell proliferation measured by 6.1pg/ml (standard deviation 1.49) for HSV-1 and 3.@/ml

uptake of radiolabeled thymidine (standard deviation 1.15) for HSV-2. To confirm these find-
ings, a CPE inhibition assay was performed. The cells were

The effect of SPL7013 on cell proliferation was measured byinfected with HSV and then covered with medium containing

uptake of radiolabeledH-thymidine as describedCheetham no or increasing concentrations of SPL7013 and cultured until

etal., 1998. Two epithelial cell lines, Hela-229 (cervical origin) the CPE was~100% in control wells (no drug). The viability

and Hep-2, were seeded in 24-well plates at 50 and 100% coiof protected cells was measured using a neutral red dye uptake

fluence. The cells were washed with PBS and 2D6f culture  assay. The results showed a concentration-dependent protection

medium containing SPL7013 at concentrations of 0, 250, 500f cells from viral lysis (data not shown). The B (effective

1000, and 10,000g/ml was added to each well. The cells were concentration that protects 50% of cells from virus lysis) were

incubated at 37C for 24 h, and then 2.QCi of 3H-thymidine  7.5ug/mlfor HSV-1 and 4.3.g/ml for HSV-2. The positive con-

(ICN) was added to each well and incubated for a further 24 h.

After removal of medium, the wells were washed twice with Table 1

PBS, 20Qul of 7.5% cold TCA (trichloroacetic acid) was added The EGos (n.g/ml) of six batches of SPL7013 against HSV measured by plaque

to the test wells and the plate was placedd4or 1 h to ensure  reduction assay using Vero cells

precipitation. The supernatant was removed and the wells were o

2.7. Activity of SPL7013 in the presence of human serum
proteins

washed with 20Qul fresh, cold TCA. Then 20l of 4% NaOH sVt eV
was added and the plate was left at room temperature for 2 h. PT INF PT INF
The NaOH digests were transferred to scintillation vials. Therkg13-013 15 6.5 0.5 3.3
wells were washed with 200 of 4% HCI then pooled with  PK1-36 16 7.6 0.5 4.6
respective scintillation vials. The radioactivity was counted by:gﬁgj‘iig ;; le 8-2 j-g
a scintillation counter. IDT103794 8 5 0s 36
. IDT104359 1.9 4.2 0.7 1.8
2.9. Data analysis
Mean EGg 2.0 6.1 0.5 3.8
0.48 1.49 0.08 1.15

The effects of the dendrimer at various concentrations wergtandard deviation
expressed as percent of control (the mean plaque counts RT: pre-treatment of cells with SPL7013; INF: treatment of infected cells.
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Fig. 2. The adsorption rate of HSV-2 in the presence of SPL7013. PFU: plaque
forming units.

bition. This experiment confirmed that SPL7013 inhibited virus
entry and stages of HSV replication after virus internalization.

3.4. Effect of SPL7013 on HSV DNA synthesis

The effect of SPL7013 on HSV DNA synthesis was ana-

lyzed quantitatively using a real-time PCR assay (the Roche

_ N _ LightCycler™ technology). The infected cells were treated with
Fig. 1. The antiviral effect of SPL7013 on HSV determined by pre-treatment 0fSPL7Ol3 for 17 h. Total DNA was extracted from the cells and

cells with SPL7013 (A) and treatment of HSV-infected cells (B).

quantitated using the LightCycler assay. A significant reduction

in HSV DNA synthesis was detected in SPL7013-treated HSV-

trol, acyclovir at concentrations of 10 and p®1, completely
protected cells from CPE.

infected cellsFig. 4). The EGs (effective concentration giving
50% reduction in DNA copy numbers) were approximately 6.2

and 2.0ug/ml for HSV-1 and HSV-2, respectively.

3.2. Effect of SPL7013 on virus adsorption

To examine whether SPL7013 inhibits HSV adsorption to
its cellular receptors, the adsorption curve of HSV-2 was mea-
sured in the presence of various concentrations of SPL7013. The
results Fig. 2) indicated that the attachment of HSV-2 to Vero
cells was completely inhibited by SPL7013 at concentrations of
3 and 1Qug/ml.

3.3. The stage of HSV replication cycle blocked by SPL7013

Atime-of-addition experiment was performed to examine the
stage(s) atwhich SPL7013 acts. The cells were treated with vary-
ing doses of SPL7013 at 1 h prior to virus infectienl(h), and
at0, 2,4, 8, 16, and 20 h p.i. Strong inhibition of viral replication
(Fig. 3) was observed when SPL7013 was added at eittidn
(pre-treatment of cells) or O h (virus and dendrimer added at the
same time). When SPL7013 was added to cells at 2 to 16 h p.i.,
strong inhibition of virus replication was also detected, but the
concentrations required to achieve thesg&increased with the
time of addition. When HSV-infected cells were treated at 20 h,

% of control

120

[——-1n |
—&—0h
2h
4h
e h
—8—16h
——20h

T T
40 60
SPL-7013 (ug/ml)

80 100

Fig. 3. Time-of-addition experiment. Varying doses of SPL7013 were added to
he culture medium and/or the methylcellulose overlay for plague assays, 1h

p.i., a slight inhibitory effect was still seen, but a concentrationyefore infection £1 h), and 0 (dendrimer and virus added at same time), 2, 4,
of 100p.g/ml was able to only achieve approximately 50% inhi- 8, 16, and 20 h post-infection.
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140 Table 3

- e —ISV.1 The EGps of dendrimer-resistant HSV strains and their parental strains

-, —W—HSV2 Treatments HSV strains Ee(ng/mi)
£ % T HSV-1/wildtype 1.1
g HSV-1/Resistant generation 21 0.9
5 60
;3 INE HSV-1/wildtype 4.0
40 HSV-1/Resistant generation 21 138-324

20 PT: pre-treatment of cells; INF: on infected cells.

04 . ‘ . - —. a A range of 24 drug-resistant mutants.

0 20 40 60 80 100
SPL-7013 (ug/ml) inhibited virus replication completely. SPL7013-resistant HSV-

1 (generation 21) was plaque-purified and the virus susceptibility

profiles were analyzed by plaque reduction assays. Tha€C

of the resistant viruses are listed Table 3 along with those

o . of their parental strains for comparison. In the pre-treatment

3.5. Antiviral effects of SPL7013 on drug-resistant HSV of cells, SPL7013 was equally active against these dendrimer-

o ) resistant strains and their parental strains. Generation 21 HSV-1

The antiviral effects of SPL7013 on HSV drug-resistantn, ;iants resisted post-infection treatment with SPL7013 with

strains were evalu_ated. The cglls wgre mcubatgd with ,SPL?Olécsos ranging from 138 to 324g/ml. Phenotypically, these

at 37°C for 1 h prior to infection with drug-resistant viruses, gp| 7013.resistant strains produced larger plaques than the wild-

Delta 333 and strain 615.8. The antiviral effects were SUbtype F strain.

sequently determined by plague reduction assay. The results

(Table 2 PT) showed that SPL7013 was highly active againstj,] Antiviral activity of SPL7013 at different pHs

delta 333 and 615.8, by blocking virus entry into cells, with

Fig. 4. The inhibition of HSV DNA synthesis by SPL7013 quantitated using a
real-time PCR assay (LightCycler).

ECsos of approximately 0.3 and 1_p7g/ml, respectively. Thus, The antiviral activity of a vaginal microbicide can be influ-
SPL7013 was equally potent against HSV reference and drugs,ceq by the special physiological properties of the vagina,
resistant strains. including the pH, protein composition, osmolarity, and the pres-

To test the antiviral activity of SPL7013 on drug-resistanto e of cervical mucous. In evaluating potential vaginal microbi-
HSV-infected cells, a plaque reduction assay was performegijeg these parameters must be considered as they may influence
The fes.“'t_s Iable 2 INF) showed that SPL_701_3 CO‘,Jld com- drug efficacy. To examine the activity of SPL7013 against HSV
pletely inhibit Delta333 and 615.8 virus replication with&€ 4 ifferent pHs, various concentrations of SPL7013 were treated
of approximately 2.3 and 5yig/ml, respectively. This activity it hyffers of differing pH for 2 h. The mixtures were then used
is similar to that observed with HSV reference strains and Sugg, e incubate cells, followed by infection with either HSV-1 or
gests that SPL7013 can potentially be used as an alternative fpiqy,. 5 - antiviral activities were measured using plague reduc-
patients who are clinically resistant to acyclovir and penciclovirti on assays.

therapies. Acyclovir and foscarnet were used in parallel as con- The results, summarized ifable 4 demonstrated that

trols and results are shown Trable 2 SPL7013 retained its activity against HSV after incubation at
pHs 3.0 and 4.0 for 2 h, but was less efficacious at acidic pH
3.6. Generation of dendrimer-resistant viruses than at neutral pH.

To generate SPL7013-resistant HSV, reference strains F artd8. Evaluation of the antiviral efficacy of SPL7013 in the
G were serially passaged inthe presence of increasing concentgaesence of human serum proteins
tions of SPL7013 supplemented in culture medium. The HSV-2
resistant mutants to SPL7013 were unable to raise because Three sets of experiments were performed to test the antivi-
SPL7013 at concentrations higher than that used in generationr@l efficacy of SPL7013 against HSV in the presence of human

Table 2
Comparison of activities of SPL7013, acyclovir, and foscarnet against HSV drug-resistant strains
Test compounds Drug resistant HSV strains Treatments 50 G@/ml)
SPL7013 615.8-Pol mutant PT 1.7

INF 5.1

Delta333-TK negative mutant PT 0.3

INF 2.3
Acyclovir Delta333-TK negative mutant INF 19.4
Foscarnet 615.8-Pol mutant INF 148.1

PT: pre-treatment of cells; INF: on infected cells.
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Table 4 120.0 5
The antiviral activity of SPL7013 after pH treatment
100.0 4
pH treatment EGo (ng/ml) &
= 80.0- =

HSV-1 e

pH 3.0 2.6 S 600

pH 4.0 25 5

pH 5.0 25 £ 40.0

pH 6.0 2.4

pH 7.0 1.6 20.0

pH 8.0 0.9 i

pH9.0 08 0 2060 4060 6060 SOII)() |00|00
HSV-2 SPL-7013 (ug/ml)

pH 3.0 1.2

pH 4.0 1.2 Fig. 5. The cytotoxicity profiles of three batches of SPL7013 (PK813-013,

pH5.0 0.7 IDT104119 and IDT103794) measured by neutral red dye uptake assay.

pH 6.0 0.6

pH7.0 0.5 .

pH 8.0 0.7 3.9. The cytotoxicity of SPL7013 for Vero cells

pH 9.0 0.5

The cytotoxicity of SPL7013 was initially examined on Vero
cells using a neutral red dye uptake assaghfmidt and Korba,
. , . 2000. Dendrimer SPL7013 at concentrations of 0, 250, 500,
serum pr.ote|ns1(able 9 In t_he first set of experiments, the 5.% 1008 and 10,00Qg/ml was incubated with cells for 2 days.
fetal bovine serum (iBS) in regular Vero C?" culture IT]ecj'umThe results Fig. 5) illustrate the cytotoxicity profiles of three
was replaced with 10% human serum (obtained from HSV negg ., .o ¢ sp| 7013 (PK813-013, IDT104119 and IDT103794)
ative donors) in the plaque reduction assay. The results showeac?:d show that the compound Wa,s not toxic to Vero cells at the
that the presence of 10% human serum did not Signiﬁcantl%ighest concentration tested (10,gagml). The CGos (Cyto-

affect the anti-HSV activity O.f SPL701s. . oxic concentration giving 50% cell death) of all the batches
The second set of experiments was performed by incubaf-
ested were greater than 10,Q0§/ml.

ing varying doses of SPL7013 in human serum obtained from
HSV negative donors at 3T overnight, prior to using it to pre- _ _
treat cells and treat infected cells in the plague reduction assay!0- Effect of SPL7013 on cell proliferation

(Table 5. The results demonstrated that the anti-HSV activity ] o i )
of SPL7013 was still seen after incubation in human serum at 10 €xamine the cytotoxicity profiles of SPL7013 on multiple

37°C overnight, but was lower than in MEM/5%FBS. epithelial cell lines in both stationary and dividing phases, two

In the third set of experiments, the plague reduction assay waPithelial cell lines, Hela-229 and Hep-2, were seeded to 50%
performed in medium supplemented with 2% FBS and 10 mg/m@f?d 100% conflugncy. The effect' of SPL7013 on cell prohfer—
human albumin. The result§4ble 5 indicated that the presence ation was determined by measuring the uptake of radiolabeled

of 10 mg/ml of human albumin did not affect the anti-HSV activ- -H-thymidine Cheetham et al., 1998The results are shown
ity of SPL7013. in Fig. 6. No significant inhibition ofH-thymidine uptake by

SPL7013 was observed in either stationary or dividing phase

Table 5
The effect of 10% human serum and albumin on SPL7013 antiviral activity 120

—e— Hep-2/50% confluence
—#— Hep-2/100% confluence
Treatments E6o (ng/ml) —&— Hela-229/50% confluence

10% Human serum o 77 Hela-229/100% confluence
HSV-1/PT 5.6 %0
HSV-1/INF 13.1 )
HSV-2/PT 292 E
HSV-2/INF 8.7 < 60.
10% Human serum (overnight incubation) = i
HSV-1/PT 55
HSV-1/INF 10.6
HSV-2/PT 1.9 20 A
HSV-2/INF 9.3
10% Human albumin ’ 0 2000 4000 6000 8000 10000
HSV-1/PT 1.0
HSV-1/INF 55 SPL-7013 (ug/ml)
HSV-2/PT 0.3
HSV-2/INF 1.8 Fig. 6. The effect of SPL7013 on cell proliferation measured by incorporation

of 3H-thymidine (percent of control).
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Hep-2 and Hela-229 cells. The G§3 in all cases were greater erties of the vagina. We therefore tested the anti-HSV activity

than 10,00Qug/ml. of SPL7013 at various pHs and in the presence of proteins. The
results showed that these treatments did not significantly reduce
4. Discussion the activity of SPL7013 against HSV-1 and HSV-2. SPL7013

did not show any significant toxicity for either the stationary or

We have screened dozens of dendrimer compounds in order ttividing phases of multiple epithelial cell lines.
select a lead compound for the development of a topical micro- In summary, SPL7013 is highly active against both HSV-
bicide against HSV, HIV, and other pathogens. The dendrimet and HSV-2 in both the prevention and treatment of HSV
SPL7013 showed potent activity against both HSV-1 and HSV-2nfection. It is also equally active against HSV reference and
in vitro and in guinea pig and mouse models of HSV infectiondrug-resistant strains. Anti-HSV activity of SPL7013 was not
(Bernsteinetal., 20Q3Itwas also active against HIW{cCarthy  significantly affected by acidic pH or the presence of human
etal., 2005; Dezzutti et al., 20pdnd shows strong protectionin serum proteins and human albumin. Dual sites of action were
a macaque SHIV vaginal challenge modéhg et al., 2006  observed: inhibition of virus attachment and entry and inhibition
Accordingly, it was selected as a lead microbicide for furtherof later stages of HSV replication. The advantages of SPL7013
development. over traditional entry inhibitors are that it is nontoxic, has a broad

SPL7013 showed strong anti-HSV activity by inhibiting virus spectrum of antiviral activities and, mostimportantly, is not only
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