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Molecules in Network 14

GenBank 1D Gene Symbol Change  Regulation
XE_oreign MKGSOSET 4.5 Up
NM_OIK2A CKH 4.3 tip
NAL 01451 FOXFT 4.3 Up
MM OO0HE2 iLi2A 3.5 ip
NAM_I9a2sg CLINZ S 4.5 ip
MM 405 PLXZ 4.3 g
KA I30I30 BYRKIA 4.4 ip
XE 18273 IAHTTZRITE 4.2 tp
BUGRIAOZ PPPIE2 4.2 ip
NM_31458 PARPY 1.2 tp
M KIARAS VEEIL 4.2 iip
NM_{KI5649 sy 4.2 ip
NM_IH04 184 WARS 4.2 ip
LN CIBAGT40 4.2 ip
KM 4533 AP 1.2 ip
N 001050 SER2 4.2 Up
BXI RS BXT i 4.1 iip
AR L2892 N 41 tip
BOR2AT45 HCH24745 4.1 iip
ENSTODOGARISSL  FANUOA LD 4.1 ip
AKZ264060 HBUBS i1 Lip
M GG 7544 copi 41 i
NM_6H 050 €1if1s il ip
ALHUTR2 A2 .1 ip
WR_O2139 HOG Al Up
NM_O01003845 sPs il tp
MM D155064 LREIMZ 4.4 kip
WM 053001 OSE2 .1 B
BIATET HIA0147T 541 tip
ENSTOOOORI040064  GHPZ ERi Lin
NM_Dan2a ATF3 4.1 Lip
AKO92458 AR50 3.0 bip
WARHITT 2 BOOHTT2 0 in
NM_DIGSRS THEG A0 tp
NM_g2i522 FAMTTC 441 tin
NM_I1TA6aY FEfi™2 4 tip
NM G249 POAPT 443 kip
NM 1E2592 PPAIIK 143 tin
ALBAATY LR P44 39 14 tip
NM_ORa17 Ci8orf53 5.2 Deoswn
WM 25184 FEHe2 E Beown
M6 ALOXSAP 4.5 Down
WA IE22A69 GREMZ 44 Brown
AR126054 KiAdizii 1.3 Down
MM Eomi2 GABRRE? 4.2 Dreswnt
ENSTOOHIA™0426  ENATOOOHGITO4 26 4.2 own
NH_Ghs [ ] 441 Bown
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transcriptional regulationrelated genes: cAMPresponse ele-
moent binding protein (ChpYpa0l, CCAAT/enhancer binding
protein alpha (CEBPA). CREB binding protein (CREBEP), acti-
vating transcription factor 3 (ATE3), histone, and retinoic acid
receprorrelated goenes (eyvtochrome P50, family 26, subfamily
A, polypeptide 1 CYP264 1), nuclear receptor corepressor |
{Nory, promyelooytic leukemia (PMLD, retinod acid seceptor
{Rary, retinoid X receptor (Bx), and SWI/SNF comples. The
retineid acid receptor family genes are nuclear receptors and
act as transoriptional repressors, which are invelved in antipro-
fiferative effects of retinode acid.

Corneal Endothelial Responses to H5V-1 in
Common with Corneal Epithelial Cells

To understand the specific responses of the HCEn oclls, we
then compared the tanscriptome of HCEn cells and the re-
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FLISRA, ADMZ, 16, THX 27, 1FITE, APOLS.
CRCLIG, SO, WPl TNEAFG, CLLR FGR,
INERFIAR, GZMA DLLY, CXCL9. TRIM2 Y.
HAH2D, LORHAVE LAGE, O34 IRFL
APOBECIG. ILIBEP, IRF7. DUUXE, PLOGZ,
PHINSE RARRESS M. PNOC, PIK3APL
STATZ JL2. TRIMA2, CXICLT, HA12A, IFNEL,
CHTA, TXPSFIG INEAIPS, €15 CO13, FOGALNY,
SECEME. TAPL NGFR, CASPL D38 CCRLE,
GBP2. TLRG. INFRAFIB. STATI. PIMERL.
CXNCLIL DHINSE MX2 GANE IRFS. MYDIES,
CXNCHA. ALGXSAP, MX T UNCUIBT, I,
APOLE CEACAMT, FOS, ZBTBAZ, XML CXOL2
CREL ING2 BUL2LEE, wnd FNESF T4

ported manscriptome of HCEp cells after HSY infection (12
hours P OF the 10 highest induced genes in HCEn celis,
RASDH. DLLI. S0OX3, ARC. DIG3, FLIGODHS. and wripartite
motifconuining 43 (TRIWY D) were also observed in the trane
scriptogtie of HOEp colls, In contrase, #0077 and JP10 were
abserved ondy in the HCEn transcriptome. Therelore, we mea
soned that the networks of the HCEn cells ropresent general
antiviral responses o HSV and comeal endothelium-speciic
TESPOISES, .

To delineate the geaeral responses of HCEp colis to HSV, we
constructed shared networks using genes detected in the tran.
scriptomes of both HCEn and HCEp. IPA generated two major
bivlogical networks with high significance scores (F < 1079
Table %) Shared nerwork 1 owas annotated s embryvonic de-
velopment, tssue development, and skeletal and muscular
system developrent and function. Shared network T was char
acterized by interforon response, MAPK, and NF«B cascades.
{112, chemokine (CXC metify ligand 2 (CXCLZ), and Bibro-
Blast growth factor 9 (FGFD were sdentified as shared modip
tors (Table %) As a costimulatory molecule, INFSFY (4-
FRBAY was also ohserved in this nerwork. Shared network 2
wis annotited as cellular development, hematologic system
development and function, and hematopoiesis and was char
acterized by retinoic ackd metabolism,

Corneal Endothelial Responses to HSV-1 Distinot
from Corneal Epithelial Cells

Next, we analyzed how HCEn colls respond 1o HSV-1 infection,
Genes in the transcriptome of HCEn colls that were shared
withy HCEp with more than fourfold difference compared to
the mockinfection control were climinated. After comple-
menting with statistically significant connecting nodes, the IPA

Tame 3. Canonical Pathway Analysis of H8V-1-Induced
Teanscripsome of Comeal Edothelial Colls
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Score
Network Molecules in Nerwork {~log #} Function
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generated four major biological nerworks with high signifi
cance scares (F < 107" Table 63,

The HCEnpreferred nevwork | of highest significance was
annotated as antimicrobial responses, inflanmmaton responses,
and infection mechanisms. This network was characterized
malnly by interferon responses. In network 2. antigen-presens
wation-related genes, TAFSFIO CTRAIL), TNFRSFIB (TNFR-2),
and CHTA, and grndooytepmorophage colony stimulating
factor (CSF2, GRIOSF). were identified. Network 3 was anno-
wated as infection mechanism, infoctions disease, embryoriic
development, and was chamcterized by antivinl mediators
including CCL3, COLS (RANTES), H-12. and interferon a.
HCEn-preferred actwork 4 was anootated as ooloocl] signal-
ing and Imtenction, hematologic system dovdlopment and Runc
tion, axd collular movement. This nerwork was charscterized by
antigen presentation and lymphocyie functiondeterminant-re
kated genes, including G, HIADE INFSFI4 (HVEML).
CXCIS, CXCLIO dP-ion, CXULLE, werfoerens, 186, and H-12.
Thus, al! four HCEn-preferred networks were found 1o share or to
he involved in the antigenpresentation-rebied function.

Production of Inflammatory Cytokines by
HSY-I-1nfected Corneal Endothelial Cells

We examined whether the ebserved transcriptional re
sponses may indeed translate into a special profile of se-
creted proteins. The supernmtant collected from HSV1-
infected HCEn cells at 12 hours PL was analyzed for a2
evtokine seerction profile by using protein array analysis,
Significant increases in the secrction of 116, 118, monocyie
chemotactic protein 1 (MUP-1, CCL2Y tissue inhibitor of
metalloproteinase 1 (TIMP-1), RANTES (CCL3), P10, 1309,
macrophage migration inhibitory factor (MIF), monocyte che
moatiraciant protein 2 (MCP2Z, CCLE), TNFSF14 (HVEML)L
Tb stromal celbderived factor 1 (SDED. and interferon-y
were found in g descending order (Fig. 23 Antigenprosenta:
tion-related genes, including 11-6, P10, CCES, HVEML, and
interferon-y, were confirmed for induction by HSV-T infection.

Priming of Allogencic T Lymphocytes by
HSY-1-Infected Corneal Endothelial Cells

Finally, we tested whether HCEns may indeed function as
APCs, HUEn colis infected with HSV-E were treated with MMC
0 suppress DNA symbesis and proliferstion. and then co-
cultured with alflogeacic T eells from donors previowly ine
fected with HSVAL The proliferation of €47 T cells measured
by Brdl uptake was significantly stimulated by HSV.1~primed
HCEn cells at an MO of 5 (Fig. 3A) Allogeneic T cells from
healthy donors without @ history of HSV-1 infection did not
show an appreciable sumultory effect (da not shown). For
the control of allogeneic responses. Vero oclls (kidney epithe
lial cells derived from the African Green monkey) were used as
a stimudator. As expected, oo sigaificant Toell proliferation
was observed (Fig. 38) To confirm HSV- L -stimuliated allogeneic
responses provake a Thi-type response, we assessed interfer
oy secretion. HSV-1-primed HCEn cells stimulate allogencic
T eells to produce significant amounts of interferon-y (Fig. 30,
Mo mperferony was produced by T cells coculiured with
HSV-1 primed Vero cells,

Discussion

Our results showed that HSY infecton affected the expression
of sumerous genes. and the majority of the mRNAS were
ranscriptionally  activated. Importantly, our hisinformatics
analysis of H8Vinduced trmnscriptome of HCEn cells showed
that the modecular signature profile of these genes is strongly
directed 1o initiate the acquired immune system as APCs,
Generally, HSV infection induces globul silencing of host-
derived transcripts.* ' This s mediated by viral proteins or
by the wnmediate carly genes including JCPO, KOP27. or
FCP34.5.25% % Thus, global anscriptional activation after
HSY infection, which was also observed i HCEp celts™”
appears 1 by an uncemmon ovent. Epithelial cells, including
HCEps, are part of the primary defense system that initiates an
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HWE, ane 2

Fiovre 1, Nerwork snalysis of the bivlogical processes underlving the HSV-1 infection-induced responses of HCEn colls, Networks 1 10 5 are
summarized as the merged networks. Interactions between the networks are shown as yellow lines,

aesenal of proinflammatory mediators on infection. This may
exphain the presumed evolutionary requirement to resist tran-
scriptional silencing exploited by HSY, In contrast, corneal
endothelinl cells are located inside the eve and are not easily
accessible to HSV, which is different from corneal epithelial
cells. Thus, the resistance of HCEn cells to transcriptional
silencing appears to reflect a specific property.

On infection, HSV hijacks the transcriptional machinery of
the host and diverts the canonical NFxB inflammatory signaling
cascade for its own replication.'™ To resist viral replication,
HCEn cells initiate an antiviral program with global transcrip-
tional activation, which results in the release of inflammatory
cytokines (Fig, 2). These oytokines subsequently prime the
acquired ccllular immunity to protect the corneal endothelial
cells.

In the HSV-induced transcriptome of HCEn cclls, we
detected several antigen-presentation-related genes. For ex-
ample, MHC class 11 is used for the presentation of exoge-
nous proteins. The expression of MHC class I is regulated
by the master transcriptional regulator CHTA (Fig. 1, Tables
4. 63, which is a signature molecule of professional APCs.
Moreover, HCEn cells express the co-stimulatory molecules
CDBO and CD86 on the cell surface, and they are stimudated
to express CDY0 after interferon-y stimulation.® All these
molecules are essential for APCs to provide the appropriate
strength of antigen stimuli 1o recognize T-cell receptors,

Another important signal for APC function is a maturation
stimulus. which is typically mediated by GMCSF (CSF2; Tables 1,
O: Fig. 1). Thus, these observations further support the functional
capability of HCEn cells as APCs after HSV-1 infection.
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Tame 5. Transcriptional Networks Shared with Comes! Endothelial and Epithelial Cells after HSV] Infection

Seore
Retwork Molecules {=~log #1 Fanctions

H ALP, CaMEH, CBX4, COKSRI, COKNIC, (2, CRARPL, Crob, i3 Embrvonkc development, tissue
CREBBP. CXCLZ Cyclin A DL DEXZ FGFI, POS FUXEFL development, skeleral and
GALHISG, Gaked, WaF2 HL12 feomgdexs, Interferon alpha, KUNCE, muscular sysiem
LE3E, MSX T, MUCSAC. NFEB teompiex). P38 MAPK. PDGE BB, developmont and function
RRAD. STATSa/b, THXZE Ty beta, TNISFD, TRIBT, aml WNTT

2 ARC, BSY2, CODEE G CLDNS, CLUN IO, ELAVES EWSRE. GHX2. 33 Cellular develaprnt,

GEE, HTT, IRX4, KONQ2 LOU3ETT63. M (indudes EGAH1B8).
SEDS, MIRFSA, NEFL, NEFM. NPMI Unciudes BGraB605 PAXS.
PCDEHS POLSEL PPARy Hgand PPARy-Retinuic acld-RARs,

hemstological systom
development and function,
Bemustopieais

PICHEZ. RARA. RASLI IR, retinoic acld, Retinoic actdh RAR, RPSE”
finclipdes EGA0G0G8), MK3, SOXNL SYNJ1, THX TS YWHAZ and

INFI35

Recently, an analysis of the wranscriptional signature of
the genome of dendritic eoll (DO responding 1o pathogen
stimuli has been conducted, and cruckd regulatory circaits
were fousud, These circuits comprised 125 transeription fac
tors, chromatin modifiers, and RNADinding proteins.’” The
studdy showed that the responses of dendritic cells to patho
gens consisted essentially of mflammatory and antiviral pro-
grams, In the inflammetory program, 166, 12, CXCL2, and
1118 were representative effector molecules,™ wnd, in our study,
these malecules were found in mafor netwoerks 3 and 4 of HCEn
celis (Table 43 In contrast, P10 (CXCLIG), intederonstimu:
bated protein, 15 kDa (36G15), and interferondinduced protein
with tetratricopeptide repeats 1 (FITE are other representa:
tives of antivieal programs.”” They were identified in nerworks
1 anch 4 of the HCEn cells (Table 41 Interestingly., 1918 was the
cighth highest induced gene in the HCEn transonptome (Table
13 1010 directly inhibits HSV-1 replication ™

In dendritic colls, apuviral programs are initiated by virad
sensors, including TERs, melanoma differentiation associated
proteinS (MDAS, IFIHD), and DDXSH (RIG-1), which again are
found in network 1 of HCEn celis (Table 43 In commst, HCEp
networks were clearly distinctive in their transonptional pro-
file, and their identificd nodes did not ninch those of deadritic
cells. Thus, the sepresentative transcrptional actwork nodes

of HUEn colls are essentially marched to those for representa-
tive offector molecules in dendritic cells,

in the antivira! program of dendritic cells. signal transducer
and activator of tanscaption 1 (STATT) and STATZ regulate
components of the antivirgd effecior molecules, Consistent
with this, STATE was positioned centeally in the transcriptionad
network of HCEn cells (Fig. 1), Othor reprosentative transcrp
tiomal regulators of the antivirsl progrm in dendritic cells were
IRER, IRPY, activating transcription factor 3 (ATF3). ets vardant
O (ETVO) JUN, STATH. and retinoblastomadlike T (RBLI. OF
these, the IRPs (petwork 1) and ATF3 (network 33 were also
found in HCEn cell networks, This resuft is consistent with the
functionad capability of HCEn colls as APCs, and may also
reflect the HCEn cell-specific responses 1o pathogens.

Crar results showed that HCEns can function as APCs, Gene
erally, HSV-1 is known to block antigen presentation of in-
fected eedls. ™" The ohserved allopriming effcct of HOER cells
would be benchicial for the cffective eradication of HSV.in-
fected cells, On the other hand, such elimination may lead 1o
endothelial cell loss, which could lead to potentially blinding
bullous keratopathy. So, how does the host avoid such o dele
terious pheanomenon? It has been shown that HOEns ¢an serve
as immune regulitory oclls that dampen the oviotoxic effects
induced by activated T cells, Thiy action may protect the

Tasie 6. Transcriptional Networks Preferred by Comeal BEndorhebal Cells afier 113V.1 Infection

Score
Network Molecules in perwork {~log £ Functions

i AFMZ, BATE, DDXAE, DHXSE JFIS, IPhag, (PR, TRTL B2 IS il Antimicrobdal response, inflammatary
I, JEN TYPE 1 IL2G. JLESBE, Intesferona Induced IRF, IRF™. response, infection mechanbm
ISGES ISGES. MX . MX2. NPl teomplexs, GASL (AN PARPY,
RARRESS. REL/RELA/RELS, RNFIDE, RSAIZ, S100F, STAY2, Matl-
St 2, TNFRSPE TRIMGS. and 1BAT

2 Al ALOXSAE. ANGPTLE CIA0RFIS, G388 CHTA, Collagen Albinid, 33 Cell death, cellubar growth and
CRF2 CYP22Z FAMGSE, GBPL, GLS GPRIGUE, Granth: bovinose, proliferation, connective s
HSH2 IFITM I, Tk, IKK fcomplex), Wk (family, LT, Iterforon development and function
Regulatary Factor, IRFL IRP4, LI NfeB 1-ReiA. NRIAZ, PARP,
PARPIZ PAR PH. Toy receptor, TNFAIPS, TNERNFIB. TNFSFIG,
TRAF, and WISPY .

3 APCBECHG, APOL2, APOLS {indludes BGBOR33: ATFS €013 <015, 31 fnfection mechanism, nfectious
CEBPA, C3F3, CYP20AT, FOXAL FOXAZ GUHI HOXAS, Jgt, Igm. disease. embryonic development
1.2 seomplex), terferon alpba, IRF3 dimer, 1SG20. KLFS, KRT15,
Nfat (familyy, NRAAZ P38 MAPR, PEPCK, PMAIPT, Rxr, SECTM 4,
Sewd, SOD2 TR TRIMZE UNCUIBL VitaminDAVOR-RXE, and
ZCAHAVE

4 ACEZ BUBS COLE CORLE, CHEMUKINE, CXCI CXCLIG, CXCLET, A0 Cellaocell sipnaling and interaction,

GRPZ, HLADR, 161, IEN Beta. ifn gania, Haar, IFNBE IENo/R
fpa. HLG, H23, 112 (heomilys, 11L12A, IRAK, MYDIBE. NfRB-RelA. Gas,
OANZ, Prorinflamesatory Cyfokine, SMOX. XPIG. Tir TIRS.
TNESFI4, TNFSFIAB. WARS. and XAF?

hemarological system development
and function, cellular movement
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Frovre 2. Induction profile of inflammatony oviokines by 3V 0 -in
fected HOEs oolls, HOEn oolls wore sdsorbed soith BSV-T at an MO1 of
9.1 for 1 bour and refed with DMEM. After 12 bours’ incubation, the
supermmitant of HSV ] -infocted HOE colls was assayed with a ovtokine
array. A panel of inflamsstory cyvtokines was sigaificantly imluced by
HENAT Snfection. 7 = o per geoup, P 005

endothelial cells from desth while mainuining thelr priming of
immunologic memory responses, For axampia HCEn oells
impair Th D47 cells by PIALY, which s strongly expressed
on its surface.” CD8" T cells can also  be converted 10 reguli
oy T cells by HCEn cells via TGRS In the HSV-L-induced
anseriptome of HOEn oclls, the sixth highest induced gene,
161, produces an immune segulatory enzvme that induces
anergy o regulstony Tooll differentiation. In the HCEn ner
wirks, nuclear receptor transrepression pathways appear aiso
to regulate inflammation by Necor or Rxre, which are reprosen
tative reprossors of infhmmataory responsive promoters (Table
4. network 337

The most sirking difference between the HCEp and HCEp
teanscriptional notworks was the interferonselated response.
This rosult s consistent with thelr functional ability of antigen
presentation. laterforons induce representative antiviral re-
sponses and modulae the immuae system, and they render
neighboring colis resistant o viral infection. In generad, inter
feron responses are commonaly ohserved after viral infection,
including human cviomegalovires,*™%* In contrast, interforon
responses are generlly silenced in cases of HSY infection.
This sifescing does not occur when viral seplication is im-
paired. 't After HSY infection of HCEn cells, we observed an
mdduction of known interferondnducible antiviral genes, in
chuding OA81/7273, and myxoviess resistance T LUXTW2 in
networks Dand 4, respectively. OAS activates fatent RNase Lo
incduce viral RNA degradation. ™ The MX proteins are dynamin
superfamily (TPases that interfere with viml replication. ™
Thus, HCEe oclls have a strong propensity for interferonre-
tated antiviral or inflammatory programs 1o resist HSV-1 infec
tion, despite thedr susceptibility 1o infection.

FOVS, lune 2011, Vol 52, Ne. 7

The HSVendueced host genes of HCEn cells determined by
aotwork amilysis showed significant association with the Jun
MNeerminal kinase (NK). p38, extracellolar signalregulated ki
mase (ERKD. and NFxB signaling pathways. An association of
these cascades with the HOEp seowork wis also observed
snchicating that thoy are common signaling cascades after HSV
mirction,

Afier HSY infection, the HCEn oolls produce large amownts
of IO, similar 1o HOEp colls™ Nerwork analysis indicated thay
1140 was the most significantly shared effecior molecule. 1t was
ventrzily located in the imflammatory program of the anscrip
tional network, and activations of NF«B and JNK were shown
1o by related 1o 116 induction. ™ In addition, 16 is a reprosen:
wative effector moleoule downstream of TLRZ TIRA and TLRD,
which sense HEV epiry. On infection, B0 modiates an acute
phase seaction that influcnces antigenspecilic mmuw re-
sponses. 7 Importantly, 16 converts T oolis into cvtotoxic T
vells or the Thi7 lincage and stimulates B ool differomintion™
In herpetic keratitis, -6 contributes to the massive neatrophil
attraction 16 the comeal stroma™ * and stimulaies bystander
populations and HCEp cells 1o induce vascular endothelial
erowth factor (VEGE

Collectively, our data provide strong evidence thay HCEn
eells can serve as APCs after HSV-1 infection. Understanding
the mmunemodulating proporties of the coracal eadothe-
flum would help develop efficacious strategios o block
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Frovee 3. HSV-Lspecific Toeell prolifesation and interferon-y secre
tion stimulated by HSV-E-trested HOEn cclis, HOEn cells were 34
sorbed with HSV-1 for 1 hour at the indicated MOT and trested with
mitomycin O HS8V-Lospecific CD47 T cells were Bolated from 1SV

infectedaliogencic doners, and cocaliured with the HSV-§-adserind
HUEn cells (rosponder stimubator ratio, 4013 (A) or xenugeneic Voo
cells as the comtrol (B HEV.§ -specific Toell proliferstion was exam.
et by Brdt? uptake, which was assessed with a chemilumingsconce
Pased, BrdUspecific BLISAL HSV-T-specific interferon sooretion from
the T eelis co-cultured with the HSV- L-primaed HOCERs or Vero colls was
measured with ELIBA (O The HSV-Leprimed HOEn cells, but sot the
Vero cells, sgnificantly stimulazed interferony seoretion. *F < 005,
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HSV-T-induced inflammatory responses and endothelial coll
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Roles Played by Toll-like Receptor-9 in Corneal
Endothelial Cells after Herpes Simplex Virus

Type 1 Infection

Sachiko Takeda,' Dai Miyazaki,' Shin-ichi Sasaki,' Yukimi Yamamoto,' Yuki Terasaka,'
Keiko Yakura,' Satoru Yamagami,” Nobuyuki Ebibara,” and Yoshitsugu Inoue'

Purrosk. To determine the roles played by toll-like receptor 9
(TLR9) in cultured human corneal endothelial (HCEn) cells
after herpes simplex virus type 1 (HSV-1) infection and to
characterize the TLR9-mediated antiviral responses.

Merson. Immortalized HCEn cells were examined for TLR
expression. The upregulation of inflaimmatory cytokines after
HSV-1 infection was determined by real-time RT-PCR or protein
array analyses. The TLR9-mediated HSV-1 replication was de-
termined by realtime PCR and plaque assay. To determine
whether there was an activation of the signal transduction
pathway. HCEn cells that were transfected with pathway-fo-
cused transcription factor reporters were examined for pro-
moter activity.

Resurrs. TLRY was abundantly expressed intracellularly in
HCEn cells. The CpG oligonucleotide, a TLRY ligand. stimu-
lated the NF-«B activity in HCEn cells. HSV-1 infection also
stimulated NF-kB and induced NF-«B -related inflammatory
cytokines, including RANTES. IP-10, MCP-2, MIF, MCP-4, MDC,
MIP-3a, IL-5, TARC, MCP-1, and IL-6. The induction of these
cytokines was significantly reduced by blocking the activity of
TLR9. In addition, viral replication in HCEn cells was signifi-
cantly reduced by the inhibition of TLR9, but was preserved by
a concomitant activation of the NF-«B cascade. Of the different
HSV-1-induced inflammatory cascade-related transcription
factors, TLR9 was found to activate NF-«B, cyclic AMP re-
sponse element (CRE), and the CCAAT-enhancer-binding pro-
teins (C/EBP) the most.

Conausions. Corneal endothelial cells transcriptionally initiate
inflammatory programs in response to HSV-1 infection related to
NF-«B, CRE, and C/EBP and express arrays of inflammatory cyto-
kine induction by TLR9. On the other hand, HSV-1 exploits TLR9-
mediated NF-xB activation for its own replication. (Jnvest Opl»-
thalmol Vis Sci, 2011;52:6729 - 6736) DOL10.1167/iovs.11-7805
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he tissues of the ocular surface help maintain the clarity of

the cornea and protect the eye from numerous environ-
mental pathogens or dead cell constituents. The endothelial
cells lining the inner surface of the cornea are also responsible
for maintaining the optical clarity of the cornea. Because en-
dothelial cells do not replicate in vivo, a decrease in their
density can lead to blinding bullous keratopathy. '

Generally, mucosal surfaces are armed with pattern-recog-
nition receptors (PRRs) for sensing foreign materials. The PRRs
recognize various types of ligands. such as bacterial and fungal
cell wall components, bacterial lipoproteins, and nucleic acids
derived from bacteria, virus, and self. > An invasion by viruscs is
recognized by the tolllike receptor (TLR) family, and the re-
cently recognized categories of intracellular PRRs that detect
nucleic acids in the cytoplasm.” The retinoic acid-inducible
gene 1 (RIG-N and melanoma differentiation-associated gene 5
(MDAS) detect the RNA of pathogens. DNA-dependent activa-
tor of interferon-regulatory factors (DAD, absent in melanoma
2 (AIM2), RNA polymerase I, leucine-rich repeat flightless-
interacting protein 1 (LRRFIPD), and interferon vy-inducible
protein 16 ({F116) detect intracellular DNA.

The TLRs were the first discovered and major category of
PRRs. The recognition of pathogens by TLRs leads to the
induction of innate immunity, inflammation, and adaptive im-
munity. The TLRs on the mucosal body surface function not
only to keep bacteria from invading the body but also to form
mutually beneficial relationships.” TLRs recognize commensal
or pathogen-associated molecular patterns to control the func-
tion of the mucosal surface cells. For example, the TLRs regu-
late the proliferation of epithelial cells after intestinal injury. An
absence of TLRs significantly impairs the repair of the epithelial
barrier.” Signaling by the TLRs leads to increased inflaimmation
and promotes the development of inflammation-associated
neoplasia.® Thus, intricate interactions operate for the host and
microbes by the many functions of the TLRs.

Comneal endothelial cells have been recently found to act as
immune modulators that suppress T cell receptor-mediated
CD4" T cell proliferation. They also stimulate the conversion
of CD8’ T cells into regulatory T cells.” These functions may
contribute to the immune privilege of the eye. TLRs are espe-
cially recognized as important modulators of innate and ac-
quired immunity. Thus, understanding how the endothelial
cells behave after TLR stimulation may provide important clues
on how to control immune-mediated diseases.

TLRY is a well-known sensor of the nucleic acids of viruses
and microbes. HSV-1 is the most common viral pathogen per-
missive to the corneal endothelial cells, and an infection by
HSV-1 is manifested as herpetic keratitis. To recognize herpes-
virus, the host uses a distinct repertoire of TLRs. First, the
surface glycoproteins ligate to TLR2.”'° Second. the DNAs of
herpesvirus which are rich in CpG sequences, stimulate
TLR9.'"'# And third, double-strand RNAs, generated through
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self-hybridization of viral genes. activate TLR3.'*'* TLRY has
been reported to be a crucial component in corneal epithelial
cells that recognize the HSV-1 infection.>'® However, the
roles played by TLRs in corneal endothelial cells have not been
determined.

The activation of TLR9 can also cause collateral damage or
exacerbation of immune-mediated diseases. For example,
when self nucleic acids activate TLR9 chaperoned by anti-DNA
autoantibody.® the TLR9 activation initiates or exacerbates
autoimmune  diseases.'”'® Thus, understanding the roles
plaved by TLR9 may help develop effective strategics to pre-
vent unwanted inflammatory responses in the anterior cham-
ber or corneal endothelium.

The purpose of this study was to determine the responsce of
the TLRY in cultured human corneal endothelial (HCEn) cells
after herpes simplex virus type 1 (HSV-1) infection and to
characterize the TLR9-mediated anti-viral responses. We shall
show that HCEn cells express TLRY intracellularly, and HSV-1
infection leads to the upregulation of arrays of inflammatory
cytokines mediated by TLR9. Especially important was that the
NF-kB cascade downstream of TLR9 can be hijacked by HSV-1
and diverted for its own replication.

MATERIALS AND METHODS
Cells

An HCEn cell line was established as described in detail.” The HCEn
cells were propagated to confluence on 6- or 96-well plates in Dulbec-
co’s modified Eagle’s medium (IDMEM: Gibco. Grand Island. NY) sup-
plemented with 10% fetal bovine serum. Primary coreal endothelial
cells were obtained from the corneoscleral rims of donor eves after the
central cornea was used for keratoplasty.

The procedures used conformed to the tenets of the Declaration of
Helsinki.

Viruses

Confluent monolayers of Vero cells were infected with the KOS strain
of HSV-1 (generous gift from Kozaburo Havashi, National Institutes of
Health [NIH], Bethesda, MD) After 1 hour of adsorption, the medium
containing the virus was aspirated. and the monolavers of cells were
refed with fresh HSV-1-free medium. After attaining the maximum
cytopathic effect (48-72 hours after infection). the medium was dis-
carded, and cells with the small amount of remaining medium were
frozen, thawed. and sonicated. The supernatant was collected after
centrifugation at 3000 rpm for 10 minutes and overaid onto a sucrose
density gradient (10-60% wi/vol). The solution was centrifuged with
a swing rotor (SW28: Beckman Instruments, Fullerton, CA) for 1 hour
at 11,300 rpm. The resultant visible band at the lower part of the
gradient containing the HSV-1 was washed using centrifugation at
14,000 rpm for 90 minutes and resuspended in a small volume of
serwmn-free DMEM. The virus was then divided into aliquots and stored
at —80°C until use, To infect the HCEn cells with HSV-1, the HCEn cells
were adsorbed with the sucrose-density gradient purified virus stock
for 1 hour at a multiplicity of infection (MOI) of 0.01 to 1, and refed
with fresh medium.

Flow Cytometry

Flow cytometry was used to determine the degree of TLR expression
using the following monoclonal antibodies (mAbs): TLR2 (Alexis, Plym-
outh Meeting. PA), TLR4 (Monosan, Uden, Netherlands). TLR3 (abCam,
Cambridge, UK), and TLR9 (Oncogene. San Diego. CA). Mouse isotvpe
1gG was used as the control. FITC-conjugated anti-mouse 1gG, or 1gG,
(BD Pharmingen. Franklin Lakes, NJ) was used as the secondary anti-

For flow cytometric analysis of the surface expression of TLRs on
the HCEn cells, a suspension of subconfluent cells was obtained by
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adding (.5% trypsin/EDTA to the HCEn cells and incubated with
anti-TLR antibodies. This was followed by incubation with FITC-con-
jugated antimouse IgG (BD PharMingen). For intracellular staining
of the TLRs, HCEn cell suspensions were permeabilized (Cviofix/
Cytoperm: BD Biosciences) before staining. After they were washed
twice in PBS. the stained cells (live-gated on the basis of the forward
and side scatter profile and propidium jodide exclusion) were analyzed
by flow cytometry.

Luciferase Reporter Assays

HCEn cells were transfected with luciferase reporter plasmids for AP-1.
C/EBP, CRE, Elk-1. ISRE, NFAT. or NF-kB (Agilent. Santa Clara, CA). For
the . internal control. HCEn cells were co-transfected with pRL-CMV
(Promega. Madison, Wi using Geneporter 3000 transfection reagent;
Genlantis. San Diego. CA).

For inhibition of TLR-9. TLR-9 inhibitory oligonuclcotide (forward
5-TCCTGGCGGGGAAGT-3") (Alexis, San Diego. CA) or TLR-O siRNA
(Qiagen. Hilden, Germany) was used. For activation of the NF-«xB
cascade. the IkBa on the HCEn cells was inhibited by IxBa siRNA
(Invitrogen. Carlsbad. CA). For transfection of siRNA, HCEn cells were
transfected (RNAifect; Qiagen) 2 davs after transfection of the reporter
plasmids, according to the manufacturer’s protocol. HCEn cells were
infected with HSV-1 48 hours after siRNA transfection. The luciferase
activity was measured using the dualluciferase reporter assay system
(Promega).

The target sequences of the siRNA were TLRO siRNA: forward
3 “COGGCAACTGTTATTACAAGAA-3'. and IxBa SiIRNA: forward 5'-
GAGCTCCGAGACTTITCGAGGAAATA-3 .

Pharmacologic Inhibition of NF-kB Cascade

An IKK inhibitor peptide or control peptide (Merck, Darmstadt. Ger-
many) was used to block the IkB kinase activity. The IKK inhibitor
peptide contained a sequence corresponding to the active IxkB phos-
phorylation recognition sequence. For inhibition of NF-kB p65, NF-«B
P05 (Ser276) inhibitor peptide or controf peptide (Imgenex, San Di-
ego. CA) was used.

Real-Time RT-PCR

Total RNA was isolated from HSV-1-infected HCEn cells and reverse
transcribed (QuantiTect Reverse Transcription Kit: Qiagen). The
cDNAs were amplified and quantified on a thermal cycler (LightCycler;
Roche, Mannheim, Germany) using a PCR kit (QuantiTect SYBR Green;
Qiagen). The sequences of the realtime PCR primer pairs were VEGF:
forward 5-GCAGCTTGAGTTAAACGAACG-3', reverse 5 -GGTTCC
CGAAACCCTGAG-3', 11-0: forward  S5-GATGAGTACAAAAGTCCT-
GATCCA-3", reverse 5-CTGCAGCCACTGGTTCTGT-3; HSV-1 DNA
polymerase: forward 3 -CATCACCGACCCGGAGAGGGACG-3'. reverse
5-GGGCCAGGCGCTTGTTGGTGTA3' . and  glveeraldehyde-3-phos-
phate dehydrogenase (GAPDH): forward 3-AGCCACATCGCTCAGA-
CAC3'. reverse 5-GCCCAATACGACCAAATCCS .

To ensure equivalent loading and amplification, all products were
normalized to GAPDH transcript as an internal control.

Enzyme-Linked Immunosorbent Assay

To determine the levels of secreted 1L-6, supematants collected from
HSV-1-infected HCEn cells were assayed with a commercial ELISA kit
(Peprotech. Rocky Hill, NJ).

For inflaimmatory cyvtokine and chemokine profiling after HSV-1
infection, supernatants were collected from HCEn cells 12 hours post
infection (pi) and assayed with human cviokine antibody arrays (Ray-
Biotech, Norcross, GA). This analysis determined the level of expres-
sion of 80 cytokines and chemokines. The intensity of the chemilumi-
nescence signals was digitized (LAS-1000plus; Fujifilm, Tokyo. Japan.
and MultiGauge software ver.2.0; Fujifilm) and normalized by usihg the
positive control signals in each membrane.
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Pathways Analysis

The set of extracted genes was analyzed for transcriptional networks of
molecular events using computerized pathway analysis (Pathways
Analysis 7.0; Ingenuity Systems, Redwood. CA: based on the Ingenuity
Pathways Knowledge Base). The resulting networks were evaluated by
the significance scores, which were expressed as the negative loga-
rithm of the P value. The obtained score indicate the likelihood that
the assembly of a set of focus genes in a network could he explained
by random chance alone.

Statistical Analyses

Data are presented as the mean = SEM. Statistical analyses were
performed using ftests or ANOVA, as appropriate.

Resurts
TLR9 Expression in HCEn Cells

We used flow cytometry to determine whether TLRs are ex-
pressed on HCEn cells grown in culture or primary HCEn cells,
because TLRs can be expressed on the cell surface in nonhe-
matopoietic lincage cells. No significant cell surface expression
was observed (data not shown).

Next, we assessed the intracellular expression of TLRs by
staining permeabilized HCEn cells and primary corneal endo-
thelial cells. TLR9 was found to be significantly expressed
intracellularly, whereas expression of TLR2, TLR3. and TLR4
was barely detectable (Fig. 1).

TLR9-Mediated NF-xkB Promoter Activation in
HCEn Cells after HSV-1 Infection

To determine whether the input from TLRY is functional, we
examined whether TLRY ligand activates the NF-«xB cascade.
since NF-xB is the representative signaling cascade of TLR-
mediated signaling. When TLR9 was stimulated with B class
CpG oligonucleotide, a TLRY ligand. there was a significant
upregulation of NF-kB promoter activity. indicating that TLRY
is functional in HCEn cells (Fig. 2).

We next evaluated whether HSV-1 infection would activate
the NF-kB cascade in HCEn cells and whether TLR9 plays a role
in this activation. We found that HSV-1 infection significantly
stimulated the promoter of NF-xB as early as 6 hours pi, and the
level of expression continued to increase up to 12 hours pi
(Fig. 3) The elevated NF-kB promoter activity was significantly

TLR9 and HSV-1-Infected Corneal Endothelial Cells

6731

reduced by an inhibition of TLR9. Thus, the TLRY cascade that
stimulates NF-kB is activated after HSV-1 infection.

TLR9-Mediated Inflammatory Cytokine and
Chemokine Induction in HCEn Cells after
HSV-1 Infection

Next, we examined whether TLRY is involved in the induction
of cytokines and chemokines in HCEn cells after HSV-1 infee-
tion. After HCEn cells were infected with HSV-1. the level of
1L-6 transcript was significantly increased at 12 hours pi (i.c.,
the 116 expression relative to GAPDH was 1.4 X 1071 £ 1.0 %
107% atan HSV-1 MOL of 0.1 and 2.0 X 107 = 3.1 X 107 for
mock infection (£ < 0.01). The level was lower at 24 hours pi:
1.1 X 107" = 4.0 X 107° IL-6/GAPDH at an HSV-1 MOI of 0.1
and 2.3 % 10 ° * 3.3 X 1077 for mock infection.

To e€xaminc the contribution of TLR9 to the 1L-6 induc-
tion, HCEn cells treated with TLR9 inhibitory oligonucleo-
tide were infected with HSV-1 and assessed for IL-6 induc-
tion by rcal-time PCR. The HSV-1 infection significantly
elevated 11-6 induction at 12 hours pi (Figs. 4A. 4B). The
level of 1L-6 after HSV-1 infection was significantly reduced
by blocking TLR9 with a TLR9 inhibitory oligonucleotide
(Fig. 4A). Inhibition of TLR9 by siRNA transfection also had
a similar inhibitory effect on the IL-6 induction (Fig. 4B).

We then determined whether HSV-1 infection can stim-
ulate TL-6 secretion through TLR9. When supernatants of
HSV-1-infected HCEn cells were assessed for 11-6 by ELISA,
we found that HSV-1 infection significantly stimulated IL-6
secretion (Figs. 4C, 4D). This HSV-1 infection-induced 11-6
secretion was significantly suppressed by a TLR9 inhibitory
oligonucleotide in a dose-dependent manner (Figs. 4C, 4D).

Next, we assessed how HSV-1 infection modulated the
cytokine and chemokine milieu of HCEn cells through TLR9.
Supernatants from HSV-1-infected HCEn cells were assayed
for 80 cytokines and chemokines using protein array analy-
sis and were tested for their sensitivity to TLR9 inhibition.
Twenty cytokines and chemokines were significantly up-
regulated after HSV-1 infection, and of them, TLRY inhibition
significantly reduced the upregulation of RANTES (CCL5),
IP-10 (CXCL10), MCP-2 (CCL8). MIF, MCP-4 (CCL13), MDC
(CCL22), MIP-3a (CCL20), IL-5, TARC (CCL17), and MCP-1
(CCL2) (Fig. 5).

TLR2 TLR3 TLR4 TLR9
human coreal endothelial cell lines
g 8 g
§ i
o 3 o | o ]
10% 10! 10% 10® 10% 10% 107 102 10° 10  10% 10" 10% 10% 10?
FL2-Height FL2-Hetght FL2-Height
human comeal endothelial cells
Figure 1. Intracellular  expression
of TLRs in HCEn cells. TLR 9 was 8 - 8 ’
significantly expressed in HCEn celis ; B 5
and primary human corneal endothe- g s ]
lial cells. Expression of TLR2, -3, and § g
-4 was barely detectable. Solid line: / : : y
unstained; dotted line: control 1gG ok k ‘ ° | ;
stained, gray fine: anti-TLR antibody 1 0 10° 10% 10% 10' 102 10° 104
stained. FL2-Height FL2-Height
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FiGure 2. NF-«kB promoter activation in HCEn cells by TLR9. HCEn
cells transtected with NF-«kB reporter plasmids were stimulated with
CpG oligonucleotide for 24 hours and measured for luciferase activity.
CpG transfection significantly elevates the NF-«B promoter activity
(n = 6.7°P < 0.0%).

Role of TLR9-Mediated NF-«B Activation and
HSV-1 Replication

TLRY participates in the primary defense systems against viral
infection and functions to induce inflammatory cytokines after
infection of HCEn cells by HSV-1. We examined whether TLRY
affects the entry and replication of HSV-1 into HCEn cells. To
accomplish this, HSV-1 was adsorbed on HCEn cells, and the
number of HSV-1 copies wis determined by realtime PCR of
HSV-1 DNA polymerasc. After TLR9 was inhibited by pretreat-
ment with TLRY inhibitory oligonucleotide, a significant reduc-
tion in the copy number was not observed (Fig. 6A).

The contribution of TLRY to viral replication was deter-
mined by realtime RT-PCR, and the results showed a signifi-
cant reduction in the expression of the mRNA of HSV-1 DNA
polymerase in HCEn cells after exposure to TLRY inhibitory
oligonucleotide (Fig. 6B). This reduction was also confirmed by
titration (control oligo-treated at an MOI of 0.1: 9.3 X 10¥ +
0.3 x 10% TLRY inhibitory oligonucleotide-treated at an MOI of
0.1: 9.8 X 107 * 0.9 X 107, P < 0.01).

We then assessed whether the TLR9-mediated viral replica-
tion in HCEn cells was related to NF-«B activation. The classic
NF-kB cascade is regulated by 1B kinase (IKK), leading to the
nuclear translocation of p63, a component of the NF-«B path-
way. When HCEn cells were treated with IKK inhibitory pep-
tide. which contained scquences corresponding to the active
IxBa phosphorylation recognition sequence, the induction of
HSV-1 DNA polymerase was significantly inhibited in HSV-1-
infected HCEn cells (Fig. 6C). Treatment with a p65 inhibitor
also significantly reduced the number HSV-1 copies (data not
shown). These findings indicate that the classic NF-«B cascade
is involved in HSV-1 replication in HCEn cells.
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We next examined whether TLR9-inhibition-mediated sup-
pression of HSV-1 replication can be restored by NF-xB activa-
tion. Because the activation of the classic NF-«xB cascade is
regulated by the degradation of IkBa. the NF-xB cascade is
activated by siRNA-mediated inhibition of IkBa. Exposure to
TLRY inhibitory oligonucleotide reduced the copy number of
HSV-1 DNA polymerase mRNA, and the transfection of IkBa
$iRNA reduced the effect of TLRY inhibition (Fig. 6D). Collec-
tively, these findings indicate that HSV-1 used the TLRO-medi-
ated NF-xB activation for its own replication in HCEn cells.

Alternative Transcription Factor Activation by
TLR9 in HSV-1-Infected HCEn Cells

HSV-1 infection induces an array of inflimmatory cascades.
This can be summarized by the transcriptional induction pro-
files of representative transcriptional factors. To characterize
the profiles of the signaling cascades activated by HSV-1 infec-
tion and show the possible involvement of TLR9, we deter-
mined whether HSV-1 infection can activate representative
transcriptional factors related to the TLRY cascades by using
transfection of reporter plasmids. The activities of transcrip-
tional factors of cascades of NF-kB., MAPK/ERK, cAMP/PKA,
MAPK/INK. C/EBP. interferon response, and PKC/calcium
were measured using reporter plasmids for NF-xB. Elk-1, cyclic
AMP response element (CRE), AP-1. C/EBP, ISRE. and NFAT,
respectively. HSV-1 infection significantly stimulated the tran-
scription factors of NF-kB. Elk-1. CRE, AP-1. C/EBP. and NFAT
at 24 hours pi (Fig. 7).

We then tested whether TLRY contributes to the induction
of transcription factor activities of the inflaimmatory cascades.
When TLR9 was inhibited by siRNA transfection, the HSV-1-
induced activation of CRE and C/EBP reporters was signifi-
cantly reduced (Fig. 8). The other transcription factor activi-
ties, including Elk-1. AP-1, and NFAT were not appreciably
affected (data not shown). Thus, HCEn cells used TLR9 leading
to various types of promoter activation, including NF-«xB, after
HSV-1 infection.
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FiGure 3. Inhibition of HSV-1 infection-induced NF-«B promoter by
TLRY inhibition. HCEn cells transfected with reporter plasmids were
stimulated with HSV-1 infection for 6 (A) and 12 (B) hours, and
measured for luciferase activity. Treatment by TLRY inhibitory oligo-
nucleotide significantly inhibited NF-xB promoter activation (2 = 6;
*P << 0.05).
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(I hours pi in a dosedependent manner (7 = 6 P <7 0.01),

TLR9-Mediated Inflammatory Network after
HSV-1 Infection

To sumnuirize how HCEn cells used TLRO-mediated signals
after HSV-1 infection. the TLR9-dependent evtokines induced
after HSV-1 infection were analyzed for signaling interactions
using a systems biological approach. Using a database of
known signaling networks (Ingenuity Pathways Knowledge
Base: Ingenuity Systems). we successfully generated two major
biological networks with high significance scores (network 1.
P < 107 network 2.0 P2 < 1073, The most significant
network was network 1o which was annotated as ccli-to-cell
signaling and interaction, hematologic system development
and funcuon, and immune cell mrafficking, where NF-xB was
centrally positioned (data not shown).

DiscussION

Our results showed that TLRY was abundantly expressed in
HCEn cells and was used to initiate inflammatory responses
after HSV-1 infection. HSV-1 exploited the TLR9-mediated
NE-«B activation for its own replication. To resist the assault,
HCEn cells transcriptionally initiate an array of inflammatory
programs related to the cascades of NF-kB. ERK. MAPK (P38).
INK. cAMP/PRA. PKC. and interferon responses. Of these,
TLRY activation was especially used for the signal transduction
cascades of NF-kB, CRE. C/EBP. and arrays of inflimmatory
cvtokines. including 11-6.
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In sensing microbial pathogens. conserved structural moi-
cties are recognized by germline encoded PRRs, including the
TLRs. NODHike receptors. and C-type lectin receptors. ™ Apo-
protic or necrotic cells or degradation products of the extra-
cellular matrix. damage-associted molecules or cytokines,
such as dsDNA. RNAL high-mobility group box 1T (HMGB1),
ATP. hyaluronan. versican. heparin sulfate. and heat shock
proteins, are abundantly present. These damagce-associated mo-
lecular patterns (DAMPS) are also recognized by PRRs, Of the
different PRRs. the TLRs are the most important class of recep-
tors that are able to sense pathogen-associated molecular pat-
terns (PAMPs). Nuclcic acids, especially DNAs. are a major
class of molecules thar stimulate TLRs. Previously. the DNAs
derived from bacteria had been considered the exclusive li-
gand of TLRY. However, viral genomes and sclf DNAs derived
from nccrotic or apoptotic cells have also been shown to
activate TLRY. Physiologicaily, ligands of TLRs. including TLRO.
arc ubiquitous. and the corneal endothelium is continuously
exposed 1o various components of PRR ligands. Thus. the
cornea and the host are exposed to and sense the environment
using combinations of PRRs. In this sctting, cascades initiated
from such PRRs gencerally converge 1o NF-«B oor inflam-
masomes. where the converged signal inputs can clicit robust
immune responses in synergy. !

For chu*y of HSV-1 into the host. ghveoproteins. gB gb, gh.
and gl are required. For example, gB binds to paired immuno-
globulin-ike type 2 receptor a (PILRa) on the host.”” gD hinds
to herpesvirus entry mediator (HVEM), nectin-1. or 3-0 sul-
fated heparan sulfate. after which the host recognizes the viral
invasion by the PRRs. In the TLR-mediated recognition cas-
cade, three major molecular components—TLR2. TLRY. and
TLR3—are engaged to activate innate immune tesponses.™
However, the TLR-mediated interaction does not appear 1o
affect viral entry (Fig. 6A). The sequential recognition of TLR2
and -9 that occurs after HSV-T infection leads to a robust NF-xB
activation which then induces a wide array of cytokines,
chemokines. and interferons, where NF-kB plavs a central role
in regulating numerous cellular metabolic events. Concomi-
tantly, HSV-1 redirects the host transcriptional machinery to
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Figure 5. TLRY-mediated inflammatory cytokine and chemokine in-
duction by HSV I -infected HCEn cells. HCEn cells were adsorbed with
HSV-1 at an MOT of 0.1 for 1 hour and refed with the DMEM. After 12
hours of incubation. the supernatant of HSV-1-infected HCEn cells was
assaved  for cyrokines, TLRQ-induced inflammatory cviokines and
chemokines were significantly reduced by exposure 1o TLRY inhibitory
oligonucieotide (1 = d/group: "P < .05, 7P <2 0.01).
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FiGure 6. Inhibition of HSV-1 proliferation by blockade of TLRY and
NF-kB signaling cascade. (A) Unperturbed entry of HSV-1 into the
HCEn cells by TLRY inhibition. HSV-1 was adsorbed on HCEn cells for
1 hour. HCEn cells were washed and assessed for HSV-1 DNA poly-
merase copy number by using reaitime PCR (# = 8). TLRY inhibitory
oligonucleotide did not appreciably affect HSV-1 absorption. (B) TLR9
inhibitory oligonucieotide impaired HSV-1 replication. shown by the
reduction in copy number of HSV-1 DNA polymerase mRNA (i = 4. 24
hours pi). (C) Reduced proliferation of HSV-1 by IKK inhibitor. HCEn
cells were infected with HSV-1 at the indicated MOI and assessed at 24
hours pi for copy number of HSV-1 DNA polymerase mRNA. with
reverse transcription realtime PCR (1 = 4; P < 0.01). (D) Restoration
of TLRY inhibition-mediated reduction of HSV-1 proliferation by 1kBa
inhibition. Treatment of TLRY inhibitory oligonucleotide significantly
reduced the copy number of HSV-1 DNA polymerase mRNA at 24
hours pi. This reduction was restored by NF-«xB activation using trans-
fection of siRNA of IkBa (n = 4; *P < 0.05. P < 0.01).

express its own genes in a tightly regulated temporal cas-
cade.” The three classes of genes, the immediate-carly (IE)
genes, including ICP-0, -4, -22, -27, and -47, followed by the
carly and the late genes are sequentially expressed.

To initiate productive replication of HSV-1, ICPO plays a
crucial role as a strong activator of all classes of HSV-1 genes
and a propagator of lytic infections. ICPO possesses NF-«xB-
binding e¢lements on its promoter. The transcription of ICPO is
dependent on activation of NF-kB of the host. which is trig-
gered by the recruitment of p65/ReiA** Inhibition of the
NF-xB cascade, including the inhibition of IKK or dominant
negative IkBe, significantly suppresses viral replication (Fig.
6).2172° Very recently, the UL31 of HSV-1 was also shown to be
necessary for optimal NF-«B activation and expression of ICP4,
ICP8. and glycoprotein C.%7

The use of host NF-xB for viral replication is not limited to
HSV-1 because NF-«xB-binding sites are also located in the ge-

FOVS, August 2011, Vol. 52, No. 9
nome of different members of the herpes virus family,**”
Moreover, HSV-1 is cquipped with the ability to effectively
block multiple inpate signaling for its survival. For example,
virion host shutoff protein (VHS) degrades the host mRNA by
its RNase function. US11 or y34.5 inhibits PKR (RNA-activated
protein kinase), and 1CP47 inhibits MHC class I loading.* %"
After the viral replication is completed, ICP-0 directs the inhi-
bition of inflaimmatory responses by ubiquitin-specific pepti-
dase 7 (USP7) translocation, which leads to the inhibition of
NF-kB and JNK.** Thus, HSV-1 hijacks and exploits the crucial
components of the host immune system. TLR9 and NF-xB. for
its own use.

There are two major signaling pathways for TLR: NF-kB and
MAPKS. In the MAPK cascade, the JNK. p38. and ERK path-
wavs are conventionally activated. leading to the activation of
AP-1, CRE. Elk-1. and C/EBP clements in the promoters. In
addition. the C/EBP family of transcription factors is involved
in many biological functions, including regulating cytokine
expression, proliferation. and tumor progression.®®” ' We
found that the reporter activity of NF-«B, CRE, and C/EBP are
activated by TLRO after HSV-1 infection. Analysis of the HSV-1
infection-induced transcriptome of HCEn cells showed strong
inductions of CREBBP and C/EBPa. which are representative
transcription factors related to CRE and C/EBP,
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Ficure 7. Signaling cascade-focused promoter activation in HCEn
cells by HSV-1 infection. HCEn cells transfected with reporter plasmids
were stimulated with HSV-1 infection for 24 hours at an MOl of 0.1 and
measured for luciferase activity for (A) NF-«B, (B) Elk-1, (C) CRE. (D)
AP-1, (E) C/EBP. (F) ISRE, and (G) NFAT. HSV-1 infection significantly
elevated promoter activities of NF-kB. ELK-1, CRE, AP-1. C/EBP. and
NFAT (11 = 6: °P < 0.05).
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porter plasmids were infected with HSV-1 at an MOI of 0.1 and
measured for luciferase activity at 12 hours pi. Transfection of sSiRNA of
TLRY significantly inhibited the reporter activities of CRE (A) and
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Generally. transcriptional activation is regulated by different
levels of transcriptional factor activation and interactions. On
infection by Helicobacter pylori, the AP-1 and CRE ¢lements in
the cyclooxygenase promoter are activated by TLR2 and -9.""
In TLR-mediated activation of 11-6 and TNF-a. both NF-xB and
C/EBP binding c¢lements in the promoter are critical for their
transcriptional activation.'*”"* In HSV-1-infected HCEn cclls,
TLRY input activated the NF-xB signal transduction cascade
(Fig. 3). and our bioinformatic analysis of the induced cyto-
kines and chemokines which are sensitive to TLRY inhibition,
were summarized as NE-«kB-dependent inflammatory cascade.
However, the NF-xB cascade may not be sufficient to fully
explain the transcriptional activation of inflaimmatory cyto-
kines. In HCEn cells, the activations of CRE, C/EBP, and NF-«B
were involved in the TLR9-mediated signaling cascade (Fig. 8)
and presumably in the TLR9-mediated induction of inflaimma-
tory cyvtokines and chemokines. At least two of the recognition
sequences of these transcription factors exist in the promoters
of TLR responsive cytokines and chemokines (data not shown).
This may explain the unexpectedly wide array of inflammatory
cytokines that was inhibited by TLR9 suppression.

We used immortalized HCEn cells as models of corneal
endothelial cells in situ. The HCEn cells have similar capabili-
ties as primary corneal endothelial cells and organ cultured
corneal endothelial cell in inducing representative cytokines
including MCP-1, 11-6. 11-8, CXCL2, TGFB2, and thrombospon-
din 1.%%° However, there is still some question of whether
immortalized HCEn cells can truly reflect the in vivo propertics
of corneal endothelial cells such as HSV-1 infection-induced
endotheliitis. For this, in vivo analysis may help in gaining a

TLR9 and HSV-1-Infected Corneal Endothelial Cells 6735

better understanding of the physiological roles of the endothe-
lial cells during a viral infection.

At present. a murine model of HSV-1-induced corncal en-
dotheliitis is not available. We used the KOS strain for this
study because our initial hypothesis was based on the findings
of our earlier studies.”'” Very recently. the KOS strain has
been reported to have a mutation of the /884 gene and
defective €59 gene™ 189 is especially involved in neuronal
virulence. However, a defective 0759 does not appear to affect
the cell-to-cell spread in permissive epithelial cells. '™ In addi-
tion, no apparent dysfunction was reported for the clongated
US8A by mutation.

To summarize, corneal endothelial cells express TLRY intra-
cellularly to recognize dsDNAs and HSV-1 infection. HSV-1
usurps this TLR-mediated NF-«B activation for its own replica-
tion.
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Human herpes virus ocular infection related with systemic diseases

Yoshitsugu INOUE

Division of Ophthalmology and Visual Science, Department of Medicine of Sensory
and Motor Organs, Faculty of Medicine, Tottori University, Yonago

BE bt hANARAYA LA (human herpes virus : HHV) 132803 £ X MBS 7= D 3%
JEZGIERILUTLS, BIEBWTHANRAUHELZRZIUCDELAEE<OEREEIL TS, B
RMEHMTRAE T % © DA AN Z WA, REBYRBBITBE L 2NV 1)L A IREERE ©
%<, T hE—HEBRITED NV AR, SRS, AEHI%, Y N A0 1)) A
RBELEETHD, RHORERELOBEETIRI > T35 14, REORETEOHRENE
4% 2HORBEOREERT -DOHBEICRSEHNAD, BERPCRIEIZEDANRAT A I A
DNAZBSBIHMHTED L DITARD, HRBHTERL > RbONBHIREL > TETND,

Key words : 7 b E—1Ef %, #HIRIEE, AGARRK, T b ATOT A I AHEER

@ U &

E R AR T A A (human herpes virus ; HHV) 1
BESHAHOSNTSY, a, B, vO3DOWAHIS
FENTNRS (F). NUAXZTA1)L R AFRITERE
RETLHEECE FOREEHSHICEM TSI EER
LS ABEF->TWS, ZOZEICE->T, EMIHES
FHETLHI LK TABEEEDITHBATELZYIIL

ATHY, 2HOS ETERWMBITEIEITH D RAYE
ZElERILTLS. —F, BIZBWTH anNIRRiF
iz ORBRECHEE I AN AL LTHLSMSHILNT
BY, BANARABEERIBEBMEOHREY M IVAEL
THRIEFEICR>TWS, F2, v ANIRZABIPEOH
HAFHbN TS,

ABHTEEIFIERE FANRZY AL AR
OIEEHEEBELOBMHETELTL2bDICD0NTEE

£ EMNIIRZATALINZADER

-~ & A £l * O 4 HiFE
herpes simplex virus type 1 BRiANRATALA LR human herpes virus-1 @
herpes simplex virus type 2 BNV SZAT A VA 2 8 human herpes virus-2 a

varicella-zoster virus
Epstein-Barr virus
human cytomegalovirus
human herpes virus-6
human herpes virus-7

Kaposi's sarcoma-
associated herpes virus

KIGHARAHLIE D 1 IV A
LITAZA -IN—= TR
bR R AHTA LA
ERALRAIAIA G
ERANARZATAI AT

ERANUARAT IS
(IR PRIV XA A L R)

human herpes virus-3

human herpes virus-4 T
human herpes virus-5 B
human herpes virus-6 3
human herpes virus-7 B
human herpes virus-8 7
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iz,

BIIAJLNZIAILR
(herpes simplex virus : HSV)

1 HSVIZ K %88 OIRRGE

HSVIZ#RR A A 0, MREATITEBRRRT 251
NHDH, ERHBED L EHITBRBEERIZ ERL TN
S, BOROMETEEESICREPENBINL TS,
MICEREDBRRER Z THRSSEML THWa idtho
ANAEFEHETHS. HSVREERBISEESIERIL
TL5H, 18 (HSV-1) & 2%EHHD (HSV-2), B
HOERIBRL BN AN ZZHSV- 1 L B 004 <,
AR ZHABRITEEAEHSV-LICE S, —F, #
BANANZFHSV-2I2 L BB DA%, HSVIZ#REH
HEFURLUTEBEEMETS, BEERTIEEES
iz, Lnl, FRICEERAIIRIAMETELCTS
T=AbdH 5,

HSVIC K BIREYE (REBEMES, ~IVXAMEEE
%, NIVRZPEANRS, SUEMEBIEE) 2EITEED
% <M 2R ERE LB VWREEEETH S, HSV
Ik BIRRYYE S BANRZAEZFRBICREI TR
3R, NVRAMREFIET DL ORI b0,
FIHND ETHSVIEANARZR YA N ADHTH- EBIR
BPYEOHEEREVIZEAND ST, EEEREOME
BP0 EWRS, 27 FAELT, 7 RE—H#
RER§ 4 (atopic dermatitis) & B U 7= HSVHRERBLAE IR
BERY, REOT ME—EBREBEEOEMTEN,
Z<HRONBEDITB>TETND,

2 7 hE—MERS% EHSVIRGYE

1) 7 hE—HEERIZBT HHSV RS

7 hE—HEERET VLF—RC KT, W
IR RSREOEMEEELRVRTERTHO, I
ERIGED ERZEHR- TS, BEIIEN OB
M, FORMENRKS/Z-o>TWAD, FOEDBHID
RITEFBEZZTHoR0EWEDT5-DREEIIEL
L, BICHWBEREZRILT, BHERILS. #Ek
HEFREBERTOmEENS I OEBROBEICESL TY
%, bAETIEAET M E—H R BENIER M
L, HATHAROERELR > TS,

7 hE—HEBRATIEY NE—HARBEL - 7T hE—
EIPE - PSR - M RIEE L &% < DIREHMHE % HF 5
LT BIEMRASNTNADA, BYEEZBILLTW
ZEBLRETH A, HIZEAT RUREEHSVAEEE
AL-E8

7 ME—HEBRITEEDANIN AR R EEREEL

BT EMRHD, HRTVKIEETES (Kaposi's varicelliform
eruption : KVE) Wb TWwa, HRIKEEREBIR
Eczema herpeticum (EH) & & WbHNTHY, 1887HIC
KaposilZ & » TH#HICHE SNz, BB EEICHSVA
BT 5 LItk TA U AIREAKEEHEBTH O,
HEEERE L TR 7 PE—HEBRICEE IRV,
7 hE—HEERED - EBEENRE<EETHS. K
FHER DA 5, FE, B FEY > NEEEE
S LeHD. Bll7 PE—HEMRBEOHEMES
EHFORBRECHEMTE DN, TONRIKERE
BB LWEBEZVARI B> TETNS,

T RE—HEBRICEEDOANIN XA BN EED
B, FOBFIZDWTREARAREHEZ NS, o4& K
ERBERE LT, HSVICHT Sl REOARL2NE
S5NTNSY. 7 ME—WEERITRBORERLE
TIEA S0, SRIERINICEENSH D Z LI3HEE N
L, REEREBTHILENVAD. EOERLIAI
b, EREMITHEL T FE— R EED R T
IFHSVAMERE L T W &%, FTHELSIENEHTO
HSVIEESRZ LT 5 BEREZ > T B I &V R EBHRES
NThb,

FR DKERFES TIRIBREIC DHSVORREB LR
ATREMEANE <, NIV ZEBREL AR P KIGHRTEIZIC
HEHLTLSBTEMHS.

£z, ARTKEBRRBIBERFICEEL TWAE
BUHENIHREZBOLSITRAB I EMNBD, #IR
HAi# % (zosteriform simplex) Wb TW 5, K&
OHRZZT TREMBOEMETHHRAES & O
L, Z OFEiZpolymerase chain reaction (PCR) %1
&£ o T, HSVROVZVODNAZ B TIIE, W IZEN
EBIRDIENTES., £, Z0EDOT TN E
UTHEBETERFHTHAHETH 5.

2) ZhE—HEBRBETONNARAEAPLROH
#

7 hE—HEEERBEET LD X D ITEEITHS VRS
EEUTWABEEET TR, —HRICARIIBNTHEA
NRAZBRILDPTOLIEBHSNTNS,

AIRZAEABISE RIS IR OEBRTH Y,
HEOEBO LEMETY AL AANEIEITHEIET S L&
B (M TIIROERIIRIC EENREBT SR A
R ENWDHEMNABEEZETS) &, ARETRICER
LA )V AFUEICH§ 2 0I5 RKIEAE Z 2 EER, %
AR ABENRICEREE CABRFEZECTA
BRENZARHENDSN, WTFHIZBWTH = HREIE
RUZHSVIZE > TAHL 5728, BREREDRTONE

P

3

pi

_73 -



WTHO, HEAHOKTZEITE > TLEWIT MBS
ﬁ@t,ﬁ%%m%%%t@émﬁgm
BE— R R EICE

PR AN 2SR S B2 0, WliREAI < (27
U7l E40, &L T REMTHD, HENS
LOPKETH D, £ LEOBESRLZOICERE
PR D T L D i SN THh Sy, @il
MRIED ANV A APEHBRIE EOA0% 127 b~
REGHL T8 sd 5,

Fm T ME-HEMRIBETRY > 2 oLtk
RN AR AWM PROGEIENHE SN THST (M
1), &3 &7 70 LRI z

NI AV

3 B mEa I &
MEND, T RE—ENEATEIOLD I8l
IO AN ATE AN AAVEABARELTLED
ZEITRD. B hE O, AR IR f i g
DIpHh ESGES, BB L L. oLk —

HPCRIZEHHSY DNAGHHNIH I TH 5.

S

RSN
D

3

KEFRBE V1V

(varicella-zoster virus : VZV)

1 VZVIZ XA KE & aaikdis
Fat oMY, VZIVO I RIE RE O TE L 5.

VZVISHEE) B io g L, 21 Al &4 U -8
I, BEICKEEED, RATTRET S, L LHSVIE

BRIZARIIEA S O, BRI S T 5.
INHEREFR THIGTE L 2B O A M\,u 5THD.
ZUTT, RO 1 BT A U S SRS &
LTS ETERMEMEEEL TS,
vm@ww&%@@%%%%&bf®%%%%%m

UHOEEIIT Ol EHMEEAETHS, Ll
WEiE & B2 0 F ORI <, %%’%%i??ﬁ%f&&’ffﬁﬁ?

VDAL AL R AL

]
{1

Bl 7 hE—REOR oA
% BHECIRf I 22

THFLEA DRELT TN —T 1 Ny~ THHELTHS

AL AL TR AR L 2 A IR R E A T0D

b B0 T £ 755,

45730335 (herpes zoster ophthalmicus)

BREEHR 2 1 o A 1 M e & B
- ?";ffé%%ﬁé: UTTHIET D728, FOBE WA Y7

RRIZHEEI S AT 2 2 i B, T OEEECCIER

i‘fﬁ?g?‘f)bfy‘w% #HL T, Eii%ﬁf’iﬁifﬁ?iii‘ﬁ%???ﬁ<'Z’%.
FAHDPEIRAEZ O TE Y B0 LA s @A 586
W, BICHESE L o T HERGE - B e 22
ERBETES,

BEEEIRBOE -2 2D ENTED
ENBLDOT, NI A
THRWBEPLETH D, ?«?il‘ iéiiﬁvjfﬁ'éﬁﬁ%éi
el L, BB A BRIIRETE, & ’u :
Witk N TG EZRK LT
(Hutchinson® ) O ¢, HIZiE G2 8T 5,

EMEAPED S ® AR L O TH 5 57

%wxﬁ AATTNWAR I ECED

HESS ﬁ&&bfié@ﬁ.&&%%&%(mwm%ﬁ
R U THE < /DS WIBBHEIR A 2 9 %), i
RS UNE S, FBIRAG EHix O RES &
RO MBS AT 5) (M2), g (M2), Ik
MR dE, R AL, MR ﬁ%%@a”%%%i%%
THbH, I, Bk E & B2 990 J@A 5
Tl RBEGHEDBESINL LI TETH
LY REAHREE O G MR - BB IUIHS VO
BHERBOERET L I 2380 TENIA, B
RO SN, i, AT 00 RARTHEL 2
ZHMNI e S &, BT D

HARAZ O, BB ENED T %@%x%ﬁ®m
R A G200 D BEB RIS (zoster sine herpete) £ &
L7, PSS TIEEEE DT, SP3BT

HOOHEZ R 5
%&W%Wﬁﬁﬁfﬁ%}%c%éa)ﬁ.%<wkﬂ

@
v}é

?.&‘
,\.

# D Hzoster sine herpete & KA TN D,

2 AR ORI L A

aRU A A GG R A S L O R O A TS

_74 -



BN

HEAEBLL O I

fi‘é'é"iiﬁf@ B, &2

PCREZH I/ D &I &, FOEHEL TVZVAA
TS T EG S, VZVEHSVIZH AT H &% LIk

TS ETHINT LI EHEL LY N ATH
S, FRETIIPCRO B

3 f}xénﬁfﬁ"* {varicella keratitis)

0, ;;'f,' Aot LT DY, REEIAE D,
FEE O FEAE R S AN 7
DEHHEE LT T AT
EEAE G E-DbR S, L, —EEBLL/AVSVOHE
P EIZ L AHRETH Sl fetEH HEIT T ERL,
DLl ek TUmBH TE -
7oAt BOIEWHEPCRICH T TR TE S, HhETH
PRI TELOT, FOHEEBIZBHLCT <L
FEHE L TBHY ZEMEET
f&@&%%ﬁ%wﬁ o5
SO LIRS T S8 %%x@%

7
ét@%ﬁ%:&ﬁﬁh.ﬁ%%<&kﬁﬁ&fﬁmﬁ

r

\

Jits

PWHIRATE U TL 20Tk EEbNnL, mAT,

WHOBIES L0 20, BB ENGO BIFRHE %

4 TR
necrosis © PORN)

VZVIZ i R & OMBTAEEBEBEEZREIL T
<%, ZAUIVZVIZ K - THREE L EITH
U, s, s, faiesial, #i
LTHMT 2408 TH 5, ZORAMRBERIIER L L#
BTHLY, BERTELOTOWREPHADRE TS
LS, BN E DS (Kirisawa uveitis) O
AT IACTIR i & E@.tﬁ.%%wﬁw
n D S }@%W&LT%”J b
L. RS RE E RS DM EEL, H
BEIZT 1L AHE & S BOSIT R B SE D i A 5 L
B, RIELERL %w’ﬁ% Wi ARRE B IED.
T A E SIS C ORI R D B EIZE
%?%%‘ﬁﬁw%&ﬁ%wﬁfﬁﬁ BRI BT R
HE - ERT B FINLAZEEEH L THE PHIZE
DMTARRTES, ROHA MATOD )L A% s
Bk, AIDSO O > bO— LA <asind, b
SizEN &

W 7 e B 5E (progressive outer retinal

3

o~

e

T & - A Rplig E
Tk, 7277, EOIREIZ X THU 1L 24z

LRE R A9 M & REBMEEBTE S

-5 -

BRI RAAOTAILR
(human cytomegalovirus : HCMV)

I HOMVIZ K S IR 9E

HOMVIZ K AR SE & L T8

e R A T 1L A Y
DIFKEBBYTH O, E%ééhﬁsu?m%%?’”’i ST

L IHCMVI ARl T hL, 2 Z2AME
HE T N AT O I AT & TR %, BBk 48
WHIET A EMPEy &l Tnas, ISt

BIEH A THELU TS DAMOT 1 M ATOD AL AR
IITE a0 RE Rt

AE
v
iy
Ol
A
13
oF
\i

~
[l

-
~

-
I
bt
o
[
fﬂfé
N
AR

)
J
ps
o

™

AN AT L A HR S
1) BRI
RIEAEOBRAIIS < EEBEEIIEIS, AIDSOE
RO D
HIVIR# I B!

W2 EE A G A i
highly active anti-retroviral therapy (HAART) #5708 A
SR, AIDSIEHAECT 2 S EERRRAERS
EEBIT, VA M AT OY AL BB OB
L,@ﬁ%%%vfm%. AT & LTI s i
Ao - BHMEEFRELTHS (M3). fEF
ARETHELDZE, i HREESIRSRE TS o

iy, BoTEICBETSE S,
2) B
EEAICS L THEHPCRIZE EM&~E&@ A3 A

DNABIHAMEETH S, HEOBOBEORIETH S
%‘ﬁ?3%»1#?“?“/:§@$H5T%WCRTCMV§>




DNAZSHHE 1D, CMVTRIBER ZE I L TS HE
DG, AELA2EYRELLT2HOMOEEOBE
ORREMSH YD, MIEOFCMVBIRMEO L&, D
CMVHLEMAE (antigenemia) DIEHR EDRHWNLR Y
AINARBOEESERD,

3) B

FiCMVEE (T> > 2o, NoH > 70E)l)
DG EEBIT, RELZOLENLEEN, &FEIC
PEWRIEANELD L5 5O THENBETH D
immune recovery uveitis& EHN TS, THIZHAART
BEREOBAITELYD, CMVIIRZ2H T 2BETH
RV B RE DB TIRRKIEEE U B — AN
BHONDEDICRY, I3IFENTRSEHDT, #Hn
BIBERLHTFROREZE U TSIUTHICPLAEED
SADMENELTL B0, A5700 RIZXKDE¥EN
DAY RN

FOMDAINZII A IV

FDRD NIV RA T A I AT D0 T H IRRYE D
HYANZAELTORENBDH, HIShidboidd
7% . Epstein-Barr virus (HHV-4) S HHV-6{ZHCMV &
EHITE MBS EEELE T I EmE S
NTHY, RELEBRETOIEIELAMEICHEL
TWAHHEEMSERINTNSY, FOLIBEAICS
WTIRBEEICE S Uiz WD 8GR a0,

HHV-8IZAIDSEEF D AR P HEM S HE ST 1
WATHY, HRBBOHIRHBEOERT AN ATH
3., TNZADSBEDREFEALBETHELSHOT, £
DRMDANNARATANZADP TR EEB L —
NBRbDTHEENA S,

b W L

TO&DIT, 2HWMBREBICHEEL AN ZT1 )L
AIRRBEII BT H2>THY, 7 NE—HEHRIC
D NIV ARZEAL, #WRES, KEARL, U1 b
AAOTAINARERIRESHKTH S, 2FDOREIKE
EOMHETREI T DI &MEL, E£iz, HEREE
DINT P ATEDRENET B, 2EDRIFOREE
RT—DOBEIIRDEBNWADDT, FTOREITIIE
BELOVENH D, BRIZPCRIZEICK D ANLRZA T A
JADNAZRGICHRHTES L DITARD, HERBHT

5

ERMOTEHDONEWAREL B TE TS, ANRZ
& A NA N TENL, HIANVRRE, s b
AHOTANAEIE > THETDIEMNTELDT,
ERLBEBOFERERD S B EET0EBL, FHRE
LTALTHEDODNLEENDNTREZL THD L
MEHETHD.
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30. YA MAHOYAILZABEHE X

R T

[ A PR SRR T

WP S M A DR R e R 2 2 U B
BT, 1982 4£12 Khodadoust HIZ & - Tt &
N7z HEBEZHORERBEEZ SN TWEY, F0k
DWFIRIZX D, BEIALRA S 4 VA (HSV) K56
PIHET AN A NVZIV) XD £ b A LT
WA EHFHMSNLE LI -7 il -T, i
WA X AEHBVELY L iRtk o mPERk o
B, A4 PAFTIAL LA (CMV) 1234054
Lo THIZT EAESN, FHIRTwATY,

JCMYV £ IR & & OERFRAVFE

AEEPNE i, AEEE R M A 2 h R WG
PO MIEEIE L, R OFEMIC—3 L 7o Mgk
(keratic precipitates : KPs) #*#& 505 (E 1 2) 25
I CMV MIBEHIE S TIEMIZICEA L7z KPs 225 4
DRI (o4 v Y=Y a ) B 2 EAETH
3 (E1. b MABNEIIZAERNICB T 28 0HED
ZLwizd, AFREAEOREC X o THEBHN
BEORTZAEL, 1735 LARMEHMBYEICESL.
M REM AL W RS S M Eh Ty 5.
CMV A S OEBICLE, MR BRMR S R g RN

Bl CMVAEREL (51 .
Bk
EH R S e T B
IR % 2. SEWMIAN
a4 VY-V a YT DL (R
). WE/KPCR TCMV DNA
L, Fr ¥y u st
i CHo7n L1 & hde)

71)
0910-1810/11/¥100/3/JCOPY

LCWa I EHE s, CMV MR RIEfE
BEAREO L WEHILRET LI LW THS.

DCMV BIERRROBH &Rk

ZWrizld, PCR (polymerase chain reaction) % v
72Hipi A CMV DNA OM#FDHHTH S, PCRIZ
I IDIE D T Az, IRIE L RO 7 4 L X DNA
FHINT AW D B 70 EALET, PCR O
LRI, P AV AR A bR S Re
LZHT LT CMV AN £ L BT 5 L8N H 5.
TR 22 AEFERLA S A e T B IR A S ThE
PEA ML 22F7EHE ] AR L 72 CMV MM 0%
kit e g IR,

CMV i BN HE 2212363 % ikid, CMV fgliigeis i
Ui CMV #iE 2 WiRE e Lz AFu 4 Fifk
TS, WL LT Yy 20N eSS

B2 BEBEBICRELECMV BERER
(78 %%, 4otk)
MBI A BB 5 » A%, Thrsh
YT 3 4 MBGTEIE & I3 L - T o f e
Mm@, A5 a4 FERORESEE.
ARG S CMV DNA &8 L2 (s X o)
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