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Summary. – Herpes simplex virus type 2 (HSV-2) infection is the most common cause of genital ulcerative 
disease in the developed world. Keratinocytes are the primary cells involved in clinical lesions caused by HSV-2. 
In our study, we intensively examined cytokine expression in the HSV-2-infected keratinocytes. We observed 
upregulation of a series of cytokines including early-induced antiviral cytokines as interferons α, β (IFN-α, β), 
tumor necrosis factor α (TNF-α), colony stimulating factors (CSFs) as G-CSF, GM-CSF, interleukin 3 (IL-3), 
growth factors (EGF, KGF, and IGF-β1), defensins, selectins, leukocyte function-associated antigens (LFAs,) 
and toll-like receptors (TLR-2, 3, 4, and 9). More importantly, we found that HSV-2-infected keratinocytes 
stimulated the proliferation of lymphocytes in co-cultivation system. These data suggest that keratinocytes 
participate in the immune response to HSV-2 infection in two ways. They secrete inflammatory cytokines to 
resist the HSV-2 infection directly and recruit the immune cells to eliminate the primary infection indirectly 
and enhance the adaptive immunity to prevent subsequent infections.
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Introduction

HSV-2 (the subfamily Alphaherpesvirinae) infection 
is currently the most common cause of genital ulcerative 
disease in the developed world. In USA the prevalence of 
HSV-2-seropositive individuals has been increasing at a stag-
gering rate, rising 30% from 1976 to 1994 (Fleming et al., 
1997). HSV-2 can also cause severe disseminated disease in 
immunocompromised individuals or when transmitted from 
infected mothers to the neonates during birth. A particularly 

important category of HSV-associated disease is the neonatal 
herpes frequently resulting in fatal encephalitis. In USA, the 
neonatal herpes occurs in approximately 1  in 2500 births 
(Whitley, 2004; Kimberlin, 2005).

HSV-2 consists of a  spherical enveloped virion with 
a capsid enclosing its linear, double-stranded DNA genome 
of ~154 kb in length. HSV-2 infects mucosal surfaces or 
damaged skin and causes most cases of genital herpes (Nah-
mias et al., 1990). The primary infection is usually asympto-
matic and depends on the immunological status of the host.  
HSV-1, 2  are usually transmitted through several routes. 
Innate response is the first line of defense against viral 
replication in both naïve and previously infected hosts. It 
is subsequently integrated with and supported by an adap-
tive immune response that is either primary or memory in 
character and is required for ultimate clearance of the acute 
infection. In response to the initial chemokine and cytokine 
production, cellular components of the innate immune sys-
tem are activated and recruited to the site of infection. These 
include neutrophils followed by the monocytes and natural 
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killer cells. These cells and their products provide various 
means of limiting the virus replication and eliminating 
virus-infected cells in an effort to check virus spread until 
the appearance of adaptive immune effectors. Thus far, there 
is only a limited knowledge about the role of epithelium cells 
in the HSV-2 infection. 

In this study, we used a cell line of human keratinocytes 
as a model of epithelial cells and addressed the question of 
the role of epithelial cells in innate and adaptive immune 
responses to the HSV-2 infection. We examined the effect of 
HSV-2 infection on the expression of cytokines such as IFNs, 
TNF-α, CSFs, IL-3, growth factors, defensins, selectins, LFAs 
and TLRs, as well as that of HSV-2–infected keratinocytes 
on the proliferation of lymphocytes.

Materials and Methods

Virus. HSV-2 was generously provided by Prof. S. Duan, Insti-
tute for Virus Diseases, Chinese Center for Disease Control and 

Fig. 1

Upregulation of cytokines in the HSV-2-infected keratinocytes
(a–e) Real-time RT-PCR.

Prevention, Chinese Academy of Medical Science. The pooled virus 
was stored at -80°C with the approximate titer of 1 x 107 PFU/ml.

Cells. Vero cells were kindly supplied by Prof. S. Duan and used 
for the propagation and titration of the HSV-2. HaCaT cells were 
purchased from ATCC. Both cell lines were maintained in DMEM 
with additional supplements of 10% FBS, 100 IU/ml penicillin, and 
50 μg/ml streptomycin.

Infection of cells. 3 x 106 HaCaT cells were seeded with 80% density 
in a 100 mm dish. After overnight incubation, 0.1 PFU/cell of HSV-2 
was added. For control infection, the same batch of virus was inacti-
vated at 56°C for 2 hrs and the same volume as the active virus was 
added to cells. Infected cultures were vigorously washed three times at 
3 hrs post infection (p.i.) and the fresh growth medium was added to 
the culture at different time points (24, 48, and 72 hrs p.i.).

Real time RT-PCR. Total RNA was isolated from HSV-2-
infected HaCaT cells using Trizol reagent (Invitrogen). Briefly, 
each plate of cells was lysed in 1 ml of Trizol and phase separated 
by addition of 200 μl of chloroform and centrifuged at 12,000 x g 
for 15 mins (4°C). Aqueous phase was collected and RNA was pre-
cipitated with 500 μl of isopropanol and pelleted by centrifugation 

for 10 mins at 12,000 x g (4°C). After washing in 75% ethanol, the 
isolated RNA was dissolved in DEPC water. Five µg of RNA was 
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Table 1. RT-PCR primers

Forward primer Reverse primer Cytokine

acccacagcctggataacag actggttgccatcaaactcc IFN-α
cagcagttccagaaggagga agccaggaggttctcaacaa IFN-α
actgaggactcaggcaccac tgtcgatttcccacaaacaa TNF-α
ctttgcctttgctggacttc tctcaattgctgatgcgttc IL-3
tctcttctacctggcgctgt cacgaactgaagagcatcca IGF-β1
agacagggaagagca-
gaacg atgggaggacaggagctttt G-CSF

cagccactacaagcagcact aaaggggatgacaagcagaa GM-CSF
cctgagcgacacacaagaag ttgggtcccttttactttgc KGF
cactgaggatgggatgtcct ctgcctccatgaagttggtt EGF
ggtggtaactttctcaca ggtgccttgaattttggta Defensin-β1
ttaagagtggagccata atcagccacagcagcttc Defensin-β4
cagcctcaagatcatcagca tgtggtcatgagtccttcca GAPDH
tattgtcccctagcaagg ctctccaattctaccatg E-selectin
catctgggaagatttcta tctcctcagaaaagaca L-selectin
gatcaatctgctctttcc gtcctgcttggcaggttg P-selectin
agcaaatgtgacctgtg agggtctcattttgcagg LFA-1
ttgacaacctgtatccca ccattcatatacagcac LFA-3
ctgtctttgtgctttctg gaagaatgagaatggcagc TLR-2
catgggttcccagtgagact agccctcaaagtggatgaga TLR-3
cggaggccattatgctatgt ttctcccttcctccttttcc TLR-4
tcagcatctttgcacaggac ggtggaagcagtaccagagg TLR-9

subjected to the first strand cDNA synthesis with reverse transcrip-
tion kit (Fermantas). Quantitative PCR was performed with Biorad 
MX3000P real-time PCR system. The real-time PCR primers used 
are shown in Table 1.

Lymphocyte proliferation assay (LPA). 10 ml of normal blood 
sample was collected from a  healthy donor. Peripheral blood 
mononuclear cells (PBMCs) were isolated by density gradient 
centrifugation in Ficoll-Paque Plus (GE Healthcare). Briefly, 10 
ml of blood was added to 20 ml of Ficoll-Paque and centrifuged 
at 1000 x g for 30 mins. The cell layer containing PBMCs was 
collected, washed with PBS for three times and resuspended 
to the concentration of 1 x 106 cells/ml in RPMI 1640 medium 
containing 10% FBS, 100 IU/ml penicillin, and 50 μg/ml strep-
tomycin. 100 μl of PBMCs was seeded into each well of a 96-well 
plate. After incubation at 37°C for 30 mins, 100 μl of HaCaT cell 
medium with or without cells taken at different stages of incuba-
tion were added to the PBMCs and co-incubated. After 72 hrs 
of incubation, cell viability was quantified by WST-1 assay (Cell 
proliferation reagent WST-1, Roche Applied Science) according 
to the manufacturer’s instruction. Briefly, 20 μl of the reagent 
WST-1 was added to each well followed by the incubation at 37°C 
for 4 hrs. A460 and A480 were measured with a microplate reader 
(Model 680, BioRad). WST-1 is taken only into the viable cells. 
Thus, the cell viability was expressed as a fold of the absorbances 
obtained with control cultures. 

Statistical analysis. Data representing the means of values from 
3 independent experiments are presented as means + standard de-
viations. The statistical significance of differences was tested by Stu-
dent's t-test. A difference P ≤0.05 was considered as significant.

Results

Upregulation of cytokines

When we infected keratinocytes with HSV-2, levels 
of IFN-α and IFN-β significantly increased in a  time-
dependent manner (Fig. 1a). In contrast, levels of IFN-α, 
the type II IFN that is mainly secreted by the inflammatory 
cells, did not change significantly (data not shown). In our 
study, we also found that HSV-2-infected keratinocytes 
expressed high level of TNF-α suggesting that keratinocytes 
played the role as a first barrier against the virus infection 
(Fig. 1b). Some CSFs (G-CSF, GM-CSF, IL-3) and growth 
factors (EGF, KGF, and IGF-β1) were also found to be 
upregulated in the keratinocytes after HSV-2 infection 
(Fig. 1c, d). Unexpectedly, we did not observe a significant 
increase for most of the interleukins (data not shown). In 
addition, we examined the expression of defensin-β1 and 
β4 in the HSV-2-infected keratinocytes. Both defensins 
reached a high level at 48 hrs p.i. and persisted to 72 hrs 
p.i. indicating a self-defensive mechanism of the HSV-2-
infected keratinocytes (Fig 1e).

Upregulation of selectins, LFAs, and some TLRs
We found by using regular RT-PCR that all three types of 

selectins were upregulated, when keratinocytes were infected 
with HSV-2 (Fig. 2a). Furthermore, the levels of LFA-1 were 
significantly upregulated at 48 hrs p.i., while levels of LFA-3 
were increased at 72 hrs p.i. in the HSV-2-infected keratino-
cytes (Fig. 2b). We also found that TLR-2, 3, 4, and 9 were 
upregulated in the keratinocytes upon HSV-2 infection  
(Fig. 3). Interestingly, expression of most of the other TLRs 
did not change significantly (data not shown)

Promotion of lymphocyte proliferation

Lymphocyte proliferation assay measures the ability of 
lymphocytes placed in short-term tissue culture to undergo 
a clonal proliferation, when stimulated in vitro by foreign 
molecules, antigens, or mitogens. We isolated human PBMCs 
by density gradient centrifugation and co-cultured them with 
HSV-2-infected keratinocytes or with the medium contain-
ing cytokines secreted by the infected keratinocytes. When 
the infected medium was applied to the PBMCs, a signifi-
cant difference of growth was not observed until 72 hrs of 
co-cultivation (Fig. 4a). If we applied both HSV-2-infected 
keratinocytes and infected medium to the PBMCs, an ac-
celerated proliferation of PBMCs could be observed at 24 
hrs of co-cultivation that became quite obvious at 48 hrs, 
suggesting that more stimuli existed in the co-cultivation 
system (Fig. 4b).
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Discussion

The induction of cytokines in keratinocytes infected 
with HSV-2 has not been fully investigated, although this 
cell type is capable of producing a  variety of mediators 
in response to the viral infection (Sprecher and Becker, 
1992; Su et al., 1996; Mikloska et al., 1998). Keratinocytes 
are the primary cells involved in clinical lesions caused by  
HSV-1, 2. Human keratinocytes have been successfully 
grown in serum-free culture medium (Boyce and Ham, 
1983; Wille et al., 1984; Schafer et al., 1991). So far, most of 
the studies about HSV-2 have been focused on the immune 
cells (Duerst and Morrison, 2003). However, studies about 
the progression of cellular effects of HSV-1, 2 infection and 

Fig. 2

Upregulation of selectins and LFAs in the HSV-2-infected  
keratinocytes

(a) Agarose gel electrophoresis of PCR products. (b) Real-time PCR.

the patterns of viral growth in cultured normal human ke-
ratinocytes have rarely been published.

In this study, we intensively examined the expression of 
cytokines in the HSV-2-infected keratinocytes. The upregu-
lation of type I IFNs, TNF-α and defensins indicated that 
keratinocytes underwent a  series of self-defensive proc-
esses upon HSV-2 infection. The IFN-α, β response is the 
prominent innate antiviral response that protects against 
viral replication. The importance of the IFN-α, β response 
in reduction of HSV-1, 2 replication is well established. The 
resistance or susceptibility of inbred mouse strains to HSV-1, 
2 infection correlated with the amount of IFN-α, β produced 
(Ellermann-Eriksen et al., 1986), and administration of anti-
IFN-α, β  neutralizing antibodies during infection signifi-
cantly increased the virus replication, disease, and mortality 
(Hendricks et al., 1991; Lausch et al., 1991; Su et al., 1990; 
Zawatzky et al., 1982). Treatment with IFN-α, β protected 
mice against infection with HSV-1 (Gangemi et al., 1989; 
Pinto et al., 1990; Kunder et al., 1993), and administration 
of IFN-α encoding plasmid DNA significantly increased 
the resistance of mice to HSV-1, 2 infections in the cornea 
and vagina, respectively (Noisakran et al., 1999; Harle et al., 
2001). Previous reports showed that TNF-α acted directly 
against HSV-1, 2 by causing lysis of infected cells (Koff and 
Fann, 1986) and indirectly by inhibiting the viral replica-
tion (Mestan et al., 1986; Wong and Goeddel, 1986). TNF-α 
also synergized with IFN-α and/or IFN-α, β in its antiviral 
activity, reducing HSV-2 yield by 1000-fold in pretreated 
epithelial cells (Feduchi et al., 1989; Feduchi and Carrasco, 
1991; Chen et al., 1994). Furthermore, in our current study, 
the induction of various CSFs, growth factors, selectins, and 
LFAs suggested that HSV-2-infected keratinocytes recruited, 
bound to, and promoted the proliferation and survival of 
inflammatory cells. This event can be easily understood, 
since inflammatory cells play a pivotal role in both innate 
immunity by clearing the microbial and infected cells, and 
adaptive immunity as antigen-presenting cells.

The involvement of keratinocytes in adaptive immunity 
was further supported by the expression of TLRs after HSV-2 
infection. We observed upregulation of TLR-2, 3, 4, and 9 in 
the HSV-2-infected cells. Human TLRs numbered 1–10 are 
found on a variety of different cell types and can recognize 
various components of microorganisms, subsequently ini-
tiating signaling pathways important in the generation of 
cytokines, chemokines, antimicrobial peptides, and upregu-
lation of adhesion and co-stimulatory molecules involved 
in the innate and acquired immune response (Kaisho and 
Akira, 2006). Previous studies demonstrated that human 
keratinocytes expressed TLR 1–6 and 9 ( Kawai et al., 2002; 
Baker et al., 2003; Mempel et al., 2003; Pivarcsi et al., 2003; 
Miller et al., 2005; Kollisch et al., 2005). In addition, some 
of these studies demonstrated that TLRs on keratinocytes 
were functional and responded to their respective ligands 
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Fig. 3

Upregulation of TLRs in the HSV-2-infected keratinocytes
Real-time PCR.

Fig. 4

Promotion of lymphocyte proliferation by the HSV-2-infected  
keratinocytes in co-culture

Axis y: fold change in viable lymphocyte count after 0–72 hrs of co-cultiva-
tion with HSV-2-infected keratinocytes or respective infected medium.

by production of the cytokines, chemokines, and activation 
of nuclear factor κB (NF-κB). For example, several studies 
reported that TLR-2 and TLR-4 were expressed by the hu-
man keratinocytes and could be activated by their ligands, 
bacterial lipopeptides and lipopolysaccharides (Kawai et 
al., 2002; Mempel et al., 2003; Pivarcsi et al., 2003; Kollisch 
et al., 2005). Furthermore, additional studies demonstrated 
that TLR-3 and TLR-5 were also expressed by the human 
keratinocytes and could be activated by their ligands as 
double-stranded RNA (poly-I:C) and bacterial flagellin 
(Baker et al., 2003; Kollisch et al., 2005; Miller et al., 2005; 
Dai et al., 2006). Previous studies also demonstrated that 
human keratinocytes expressed TLR-9 and could respond 
to the CpG motifs of bacterial DNA (Mempel et al., 2003; 
Miller et al., 2005). Our results obtained with HSV-2-infected 
keratinocytes showed consistency with that obtained with 
HSV-1-infected cells (Lokensgard et al., 2002; Zhang et al., 
2007), suggesting that expression of TLRs might be a normal 
response to the HSV-1, 2 infection.

Besides examination of the cytokines expression, a func-
tional assay is needed to prove the association of keratino-
cytes with the immune cells. The strongest evidence in our 
study came from the LPA. Although the cytokines-contain-
ing medium did not potently promote a growth of PBMCs, 
co-cultivation of HSV-2-infected keratinocytes with PBMCs 
significantly enhanced the proliferation of PBMCs as early 
as 24 hrs of co-cultivation. We speculated that the presence 
of various CSFs (G-CSF and GM-CSF) and growth factors 
(IGF-β1), as well as some other cytokines, might contribute 
to the proliferation of PBMCs. Thus, our work addressed 
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two aspects for the anti-microbial function of keratinocytes: 
(i) keratinocytes secreted inflammatory cytokines, such as 
IFN-α, β and TNF-α to resist HSV-1, 2 infections directly 
and (ii) keratinocytes recruited immune cells to eliminate 
the primary infection indirectly and to enhance the adaptive 
immunity to prevent subsequent infections.

Acknowledgements. This work is supported by the Shenzhen Sci-
ence and Technology Project.

References

Baker BS, Ovigne JM, Powles AV, Corcoran S, Fry L (2003): Normal 
keratinocytes express Toll-like receptors (TLRs) 1, 2 and 
5: modulation of TLR expression in chronic plaque pso-
riasis. Br. J. Dermatol. 148, 670–679. doi:10.1046/j.1365-
2133.2003.05287.x

Boyce ST, Ham RG (1983): Calcium-regulated differentiation of 
normal human epidermal keratinocytes in chemically 
defined clonal culture and serum-free serial culture. J. 
Invest. Dermatol. 81, 33s–40s. doi:10.1111/1523-1747.
ep12540422

Chen SH, Oakes JE, Lausch RN (1994): Synergistic anti-herpes 
effect of TNF-alpha and IFN-gamma in human corneal 
epithelial cells compared with that in corneal fibrob-
lasts. Antiviral Res. 25, 201–213. doi:10.1016/0166-
3542(94)90004-3

Dai X, Sayama K, Yamasaki K, Tohyama M, Shirakata Y, Hana-
kawa Y, Tokumaru S, Yahata Y, Yang L, Yoshimura A, 
Hashimoto K (2006): SOCS1-negative feedback of STAT1 
activation is a key pathway in the dsRNA-induced innate 
immune response of human keratinocytes. J. Invest. Der-
matol. 126, 1574–1581. doi:10.1038/sj.jid.5700294

Duerst RJ, Morrison LA (2003): Innate immunity to herpes 
simplex virus type 2. Viral Immunol. 16, 475–490. 
doi:10.1089/088282403771926300

Ellermann-Eriksen S, Justesen J, Mogensen SC (1986): Genetically 
determined difference in the antiviral action of alpha/beta 
interferon in cells from mice resistant or susceptible to 
herpes simplex virus type 2. J. Gen. Virol. 67, 1859–1866. 
doi:10.1099/0022-1317-67-9-1859

Feduchi E, Alonso MA, Carrasco L (1989): Human gamma in-
terferon and tumor necrosis factor exert a synergistic 
blockade on the replication of herpes simplex virus. J. 
Virol. 63, 1354-–1359.

Feduchi E, Carrasco L (1991): Mechanism of inhibition of 
HSV-1 replication by tumor necrosis factor and inter-
feron gamma. Virology 180, 822–825. doi:10.1016/0042-
6822(91)90100-P

Fleming DT, McQuillan GM, Johnson RE, Nahmias AJ, Aral SO, 
Lee FK, St Louis ME (1997): Herpes simplex virus type 
2 in the United States, 1976 to 1994. N. Engl. J. Med. 337, 
1105–1111. doi:10.1056/NEJM199710163371601

Gangemi JD, Lazdins J, Dietrich FM, Matter A, Poncioni B, 
Hochkeppel HK (1989): Antiviral activity of a novel 

recombinant human interferon-alpha B/D hybrid. J. 
Interferon Res. 9, 227–237.

Harle P, Noisakran S, Carr DJ (2001): The application of a plasmid 
DNA encoding IFN-alpha 1 post infection enhances cu-
mulative survival of herpes simplex virus type 2 vaginally 
infected mice. J. Immunol. 166, 1803–1812.

Hendricks RL, Weber PC, Taylor JL, Koumbis A, Tumpey TM, Glo-
rioso JC (1991): Endogenously produced interferon alpha 
protects mice from herpes simplex virus type 1 corneal 
disease. J. Gen. Virol. 72, 1601–1610. doi:10.1099/0022-
1317-72-7-1601

Kaisho T, Akira S (2006): Toll-like receptor function and signal-
ing. J. Allergy Clin. Immunol. 117, 979–987; quiz 988. 
doi:10.1016/j.jaci.2006.02.023

Kawai K, Shimura H, Minagawa M, Ito A, Tomiyama K, Ito M 
(2002): Expression of functional Toll-like receptor 2 on 
human epidermal keratinocytes. J. Dermatol. Sci. 30, 
185–194. doi:10.1016/S0923-1811(02)00105-6

Kimberlin DW (2005): Herpes simplex virus infections in neonates 
and early childhood. Semin. Pediatr. Infect. Dis. 16, 
271–281. doi:10.1053/j.spid.2005.06.007

Koff WC, Fann AV (1986): Human tumor necrosis factor-alpha kills 
herpesvirus-infected but not normal cells. Lymphokine 
Res. 5, 215–221.

Kollisch G, Kalali BN, Voelcker V, Wallich R, Behrendt H, Ring J, 
Bauer S, Jakob T, Mempel M, Ollert M (2005): Various 
members of the Toll-like receptor family contribute to 
the innate immune response of human epidermal kerati-
nocytes. Immunology 114, 531–541. doi:10.1111/j.1365-
2567.2005.02122.x

Kunder SC, Kelly KM, Morahan PS (1993): Biological response 
modifier-mediated resistance to herpesvirus infections 
requires induction of alpha/beta interferon. Antiviral Res. 
21, 129–139. doi:10.1016/0166-3542(93)90049-O

Lausch RN, Su YH, Ritchie M, Oakes JE (1991): Evidence 
endogenous interferon production contributed to 
the lack of ocular virulence of an HSV intertypic 
recombinant. Curr. Eye Res. 10 (Suppl.), 39–45. 
doi:10.3109/02713689109020356

Lokensgard JR, Cheeran MC, Hu S, Gekker G, Peterson PK (2002): 
Glial cell responses to herpesvirus infections: role in 
defense and immunopathogenesis. J. Infect. Dis. 186 
(Suppl.), S171–S179. doi:10.1086/344272

Mempel M, Voelcker V, Kollisch G, Plank C, Rad R, Gerhard M, 
Schnopp C, Fraunberger P, Walli AK, Ring J, Abeck D, 
Ollert M (2003): Toll-like receptor expression in human 
keratinocytes: nuclear factor kappaB controlled gene 
activation by Staphylococcus aureus is toll-like receptor 
2 but not toll-like receptor 4 or platelet activating factor 
receptor dependent. J. Invest. Dermatol. 121, 1389–1396. 
doi:10.1046/j.1365-2133.2003.05287.x

Mestan J, Digel W, Mittnacht S, Hillen H, Blohm D, Moller A, 
Jacobsen H, Kirchner H (1986): Antiviral effects of re-
combinant tumour necrosis factor in vitro. Nature 323, 
816–819. doi:10.1038/323816a0

Mikloska Z, Danis VA, Adams S, Lloyd AR, Adrian DL, Cun-
ningham AL (1998): In vivo production of cytokines 
and beta (C-C) chemokines in human recurrent herpes 

http://dx.doi.org/10.1046/j.1365-2133.2003.05287.x
http://dx.doi.org/10.1046/j.1365-2133.2003.05287.x
http://dx.doi.org/10.1111/1523-1747.ep12540422
http://dx.doi.org/10.1111/1523-1747.ep12540422
http://dx.doi.org/10.1016/0166-3542%2894%2990004-3
http://dx.doi.org/10.1016/0166-3542%2894%2990004-3
http://dx.doi.org/10.1038/sj.jid.5700294
http://dx.doi.org/10.1089/088282403771926300
http://dx.doi.org/10.1099/0022-1317-67-9-1859
http://dx.doi.org/10.1016/0042-6822%2891%2990100-P
http://dx.doi.org/10.1016/0042-6822%2891%2990100-P
http://dx.doi.org/10.1056/NEJM199710163371601
http://dx.doi.org/10.1099/0022-1317-72-7-1601
http://dx.doi.org/10.1099/0022-1317-72-7-1601
http://dx.doi.org/10.1016/j.jaci.2006.02.023
http://dx.doi.org/10.1016/S0923-1811%2802%2900105-6
http://dx.doi.org/10.1053/j.spid.2005.06.007
http://dx.doi.org/10.1111/j.1365-2567.2005.02122.x
http://dx.doi.org/10.1111/j.1365-2567.2005.02122.x
http://dx.doi.org/10.1016/0166-3542%2893%2990049-O
http://dx.doi.org/10.3109/02713689109020356
http://dx.doi.org/10.1046/j.1365-2133.2003.05287.x
http://dx.doi.org/10.1038/323816a0


	 SHAO, Y. et al.: KERATINOCYTES AND HSV-2 RELATED IMMUNITY	 267

simplex lesions – do herpes simplex virus-infected ke-
ratinocytes contribute to their production? J. Infect. Dis. 
177, 827–838.

Miller LS, Sorensen OE, Liu PT, Jalian HR, Eshtiaghpour D, Be-
hmanesh BE, Chung W, Starner TD, Kim J, Sieling PA, 
Ganz T, Modlin RL (2005): TGF-alpha regulates TLR 
expression and function on epidermal keratinocytes. J. 
Immunol. 174, 6137–6143.

Nahmias AJ, Lee FK, Beckman-Nahmias S (1990): Sero-epidemiolog-
ical and -sociological patterns of herpes simplex virus infec-
tion in the world. Scand. J. Infect. Dis. (Suppl.) 69, 19–36.

Noisakran S, Campbell IL, Carr DJ (1999): Ectopic expression of 
DNA encoding IFN-alpha 1 in the cornea protects mice 
from herpes simplex virus type 1-induced encephalitis. 
J. Immunol. 162, 4184–4190.

Pinto AJ, Morahan PS, Brinton M, Stewart D, Gavin E (1990): 
Comparative therapeutic efficacy of recombinant inter-
ferons-alpha, -beta, and -gamma against alphatogavirus, 
bunyavirus, flavivirus, and herpesvirus infections. J. 
Interferon Res. 10, 293–298.

Pivarcsi A, Bodai L, Rethi B, Kenderessy-Szabo A, Koreck A, Szell 
M, Beer Z, Bata-Csorgoo Z, Magocsi M, Rajnavolgyi E, 
Dobozy A, Kemeny L (2003): Expression and function of 
Toll-like receptors 2 and 4 in human keratinocytes. Int. 
Immunol. 15, 721–730. doi:10.1093/intimm/dxg068

Schafer IA, Kovach M, Price RL, Fratianne RB (1991): Human 
keratinocytes cultured on collagen gels form an epider-
mis which synthesizes bullous pemphigoid antigens and 
alpha 2 beta 1 integrins and secretes laminin, type IV 
collagen, and heparan sulfate proteoglycan at the basal cell 
surface. Exp. Cell. Res. 195, 443–457. doi:10.1016/0014-
4827(91)90395-B

Sprecher E, Becker Y (1992): Detection of IL-1 beta, TNF-alpha, and 
IL-6 gene transcription by the polymerase chain reaction 
in keratinocytes, Langerhans cells and peritoneal exudate 

cells during infection with herpes simplex virus-1. Arch. 
Virol. 126, 253–269. doi:10.1007/BF01309699

Su YH, Oakes JE, Lausch RN (1990): Ocular avirulence of a 
herpes simplex virus type 1 strain is associated with 
heightened sensitivity to alpha/beta interferon. J. Virol. 
64, 2187–2192.

Su YH, Yan XT, Oakes JE, Lausch RN (1996): Protective antibody 
therapy is associated with reduced chemokine transcripts 
in herpes simplex virus type 1 corneal infection. J. Virol. 
70, 1277–1281.

Whitley R (2004): Neonatal herpes simplex virus infection. Curr. 
Opin. Infect. Dis. 17, 243–236. doi:10.1097/00001432-
200406000-00012

Wille JJ, Jr, Pittelkow MR, Shipley GD, Scott RE (1984): Integrated 
control of growth and differentiation of normal human 
prokeratinocytes cultured in serum-free medium: clonal 
analyses, growth kinetics, and cell cycle studies. J. Cell. 
Physiol. 121, 31–44. doi:10.1002/jcp.1041210106

Wong GH, Goeddel DV (1986): Tumour necrosis factors alpha and 
beta inhibit virus replication and synergize with interfer-
ons. Nature 323, 819–822. doi:10.1038/323819a0

Zawatzky R, Gresser I, DeMaeyer E, Kirchner H (1982): The role 
of interferon in the resistance of C57BL/6 mice to vari-
ous doses of herpes simplex virus type 1. J. Infect. Dis. 
146, 405–410.

Zhang SY, Jouanguy E, Ugolini S, Smahi A, Elain G, Romero P, 
Segal D, Sancho-Shimizu V, Lorenzo L, Puel A, Picard 
C, Chapgier A, Plancoulaine S, Titeux M, Cognet C, 
von Bernuth H, Ku CL, Casrouge A, Zhang XX, Bar-
reiro L, Leonard J, Hamilton C, Lebon P, Heron B, Val-
lee L, Quintana-Murci L, Hovnanian A, Rozenberg F, 
Vivier E, Geissmann F, Tardieu M, Abel L, Casanova JL 
(2007): TLR3 deficiency in patients with herpes simplex 
encephalitis. Science 317, 1522–1527. doi:10.1126/sci-
ence.1139522

http://dx.doi.org/10.1093/intimm/dxg068
http://dx.doi.org/10.1016/0014-4827%2891%2990395-B
http://dx.doi.org/10.1016/0014-4827%2891%2990395-B
http://dx.doi.org/10.1097/00001432-200406000-00012
http://dx.doi.org/10.1097/00001432-200406000-00012
http://dx.doi.org/10.1002/jcp.1041210106
http://dx.doi.org/10.1038/323819a0
http://dx.doi.org/10.1126/science.1139522
http://dx.doi.org/10.1126/science.1139522

