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between El and E2 ORFs, can express both El and
E2 proteins from a single cytomegalovirus (CMV)
immediate early promoter (Fig. 1A). HEK293 cells
were transfected with pGL3-Pyy together with
pCMV/EI-IRES-E2 or with a mixture of expression
plasmids for El (pCMV/EI) and E2 (pCMV/E2). Sev-
enty-two hours later, the episomal DNA was extracted
from the cells by Hirt procedure. The DNA sample
(total episomal DNA) was digested with Dpnl, which
can cleave input methylated DNA but cannot cleave
the replicated unmethylated DNA. The levels of total
cpisomal and replicated pGL3-Pgy were measured by
quantitative PCR analysis (Fig. 1B). The HPV16 ori-
gin-mediated DNA replication occurred when both El
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and E2 were co-expressed. Similar results were
obtained by using Southern blot analysis (data not
shown), verifying that the quantitative PCR analysis
can yield consistent results for HPV replication, as
reporied previously [21]. Because pCMV/E1-IRES-E2
supported the replication as efficiently as the mixture
of pCMV/El and pCMV/E2, pCMV/EI-IRES-E2
was used in the following experiments.

We examined the co-expression of the selecied tran-
scription factors for the effect on the transient replica-
tion of pGL3-Psy and found that hSkn-la enhanced
the replication. One of the expression plasmids for
hSkn-la, Oct-1, Tst-1, Brn-1, C/EBPB and CDP was
co-transfected into HEK293 cells together with
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pGL3-Pg7 and pCMV/EI-IRES-E2 in the transient
replication assay (Fig. 1C), The relative amount of the
replicated pGL3-Pg7q was determined by dividing
the amount of the Dpnl-resistant pGL3-P4o by that of
the total episomal pGL3-Ps70. The effect of the factor
was presented as the replication level, which was the
ratio of the relative amount obtained with the factor
to that obtained without the factor, hSkn-la enhanced
the replication by two- to three-fold. The enhancement
was confirmed by detection of the replicated Dpnl-
resistant DNA by Southern blotting (Fig. ID). The
other POU-domain factors, Oct-1, Tst-1 and Brn-1,
repressed the replication. C/EBPp also repressed the
replication. The ubiquitous transcription repressor
CDP showed little effect on the replication. The repli-
cation enhancement by hSkn-la was similarly observed
in HeLa cells (data not shown), indicating that the
enhancement is not restricted to HEK293 cells.

The enhancement by hSkn-la was not due to the
enhanced expression of E1 and E2 because the expres-
sion of hSkn-la did not affect the transcription from
the CMV promoter and the IRES-dependent transla-
tion. HEK293 cells were co-transfected with
pCMV/Renilla, which expresses Renilla luciferase from
the CMV promoter, and pCMV/EI-IRES-Firefly,
which was produced by the replacement of E2 in
pCMV/EI-IRES-E2 with the firefly luciferase gene,
together with one of the expression plasmids for the
transcription factors. The two luciferase activities in
the cell lysates were measured at 72 h after the trans-
fection to monitor the effects of the transcription fac-
tor on the transcription from the CMV promoter
(Renilla) and on the IRES-dependent translation (fire-
fly). As shown in Fig. 1E, hSkn-la showed only a mar-
ginal effect on the both luciferase activities, indicating
that the transeription from the CMV promoter and
the IRES-dependent translation were not affected by
the over-expression of hSkn-la.

Although Brn-1 and CDP enhanced firefly and
Renilla luciferase activities (Fig. 1E), these factors were
incapable of enhancing the transient replication of
pGL3-Pgyp (Fig. 1C), suggesting that the levels of El
and E2 produced from pCMV/EI-IRES-E2 were suffi-
cient to induce the transient replication of pGL3-Psn
efficiently and that the level of the replication was
independent of the levels of El and E2 under the con-
ditions used in the present study.

Western blot analysis revealed that exogenous hSkn-
la was efficiently expressed from the expression plas-
mid, whereas endogenous hSkn-la was not detected in
HEK?293 cells (Fig. 1F).

The expression of hSkn-la affected neither the repli-
cation from the Epstein-Barr virus latent origin of
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plasmid replication (oriP), nor the replication of
cellular DNA. HEK293 cells were transfected with the
oriP-containing plasmid (pREP4) with or without the
hSkn-1a expression plasmid, and the replicated pREP4
was quantitated at 72 h after the transfection. The lev-
els of the replicated pREP4 with and without hSkn-la
were similar, indicating that hSkn-la did not enhance
the oriP-dependent DNA replication (Fig. 1G).
HEK293 cells transfected with the hSkn-la expression
plasmid were incubated for 24 h and then labeled for
24 h with bromodeoxyuridine (BrdU) that was added
to the culture medium. The level of the nuclear BrdU,
which was incorporated into the newly synthesized
cellular DNA, was not affected by the expression of
hSkn-la (Fig. 1H). These data strongly suggest that the
hSkn-la-mediated enhancement of replication is
specific to the HPV origin-containing plasmid in
HEK293 cells.

Furthermore, hSkn-la enhanced the replication of
an authentic HPV16 full-genome DNA. The full-gen-
ome DNA of HPV16 was excised from a bacterial
plasmid and self-ligated to generate a complete circular
viral genome. HEK293 cells were transfected with the
HPV16 genome and pCMV/EI-IRES-E2 with or
without the hSkn-la expression plasmid, and the level
of replicated HPV16 genome was determined at 72 h
after the transfection. The genome replication level
with hSkn-la was approximately two-fold higher than
that without hSkn-la (Fig. 1I), indicating that the
enhancing effect of hSkn-la is not restricted to the
HPV16 origin-containing plasmid, but also extended to
the complete viral genome.

Domain of hSkn-1a required for the replication
enhancement

Both DNA-binding and transactivation domains of
hSkn-la were required for the replication enhance-
ment. hSkn-1a consists of the centrally located DNA-
binding domain (POU-domain) flanked by the N- and
C-terminal transactivation domains (Fig. 2A). An
hSkn-1a mutant N331A, which has shown to be defi-
cient in DNA-binding to its target sequence [22], and
the POU-domain alone did not enhance the replication
of pGL3-Pg (Fig. 2B).

It should be noted that the transcription from HPV16
Ps70 promoter is activated by the hSkn-la POU-domain
alone (Fig. 2C), and a previous study demonstrated that
the Pgyo activation is mediated by replacement of YY1
transcriptional repressor, which has been bound to Pgy,
with hSkn-la [23]. Considering the different domain
requirement, hSkn-la enhances the replication by some
mechanism distinct from the P4y activation.
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Fig. 2. Domain of hSkn-1a required for the replication enhance-
ment. (A) Schematic representation of the structures of wild-type,
DNA-binding deficient and POU-domain forms of hSkn-1a. (B)
Effects of I:lNA-hmdingdaﬁuentondPDU—domm forms of hSkn-
1a on HPV16 ient req Rept | pGL3-Pgro was mea-
sured by realtime PCR with the extract from HEKZ93 cells that
had been cotransfected with three plasmids: pGL3-Pgyg,
pCMV/E1-IRES-E2 and a plasmid 1o be tested (containing hSkn-1a
DNA fragments). The refative replication of pGL3-Pgyy has been nor-
malized and is expressed as the ratio of replicated pGL3-Ps7o in the
presence of E1/E2 alone. The scale bar represents the mean + S0
ofm;inupmmmmdmm {C) Effects of DNA-

ding deficlent and POU-domain forms of hSkn-1a on transcrip-
tion frurn HPV16 Pgzo promoter. HEK293 cells were tansfected
with 200 ng of pGL3-Pgyp and 100 ng of expression plasmids for
HA-hSkn-1a, HA-N331A, HA-POU or pHME (backbone plasmid),
with 5ng of pCMV/Renills. The luciferase activities of the cell
lysate were measured at 48 h after the transfection, Transfection
efficiency was nommalized using Renills luciferase activity. The scale
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HPV16 genome region responsible for the
hSkn-1a-mediated replication enhancement

The cis-element(s) required for the hSkn-la-mediated
replication enhancement was located within the region
from nucleotides 7838-100 (designated as the core
region), which contains the replication origin. Three
fragments of the HPV16 DNA, from nucleotides 7003
100 containing previously identified one hSkn-la bind-
ing site (from nucleotides 7733-7738) [23,24], from nu-
cleotides 7838-100, and from nucleotides 281-864
containing previously identified two hSkn-la binding
sites (from nucleotides 560-569 and from nucleotides
581-590) [25], were cloned into pGL3-Basic (the back-
bone of pGL3-Pgy) to produce three plasmids, pGL3-
(7003/100), pGL3-(7838/100) and pGL3-(281/864),
respectively (Fig. 3A). As shown in Fig. 3B, the
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Fig. 3. HPV16 DNA segments responsible for the hSkn-1a-medi-
ated replication enhancement. (A) Schematic representation of the
HPV1E DNA segments used in the transient replication assay. Pre-
viously identified hSkn-1a binding sites are indicated as open boxes,
(B) Effects of hSkn-1a on replication of plasmids containing seg-
ments near the HPVIG origin. Replicated pGL3-Pere pGL3-
(7003/100), pGL3-{7838/100) or pGL3-{281/864) was measured by
real-time PCR with the extract from HEK293 cells that had been
co-transfected with (pius) or without (minus) plasmids expressing
E1/E2 and hSkn-1a, as indicated. The relative replication of each
plasmid has been normalized and is shown as the ratio of repi-
cated pGL3-Pgyy with E1/E2 but without hSkn-1a. The scale bar

o the mean = SD of three independent transfection exper-

bar represents the mean + SD of three independent 1 tion
expeariments.
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replication of pGL3-(7003/100) and pGL3-(7838/100)
was enhanced by hSkn-la by approximately two-fold.
The replication of pGL3-(281/864), which lacks the ori-
gin, was not detected either in the absence or the pres-
ence of hSkn-la. The data clearly indicate that the core
region is essential for the replication of pGL3-Pgy and
that the hSkn-la-mediated replication enhancement
does not take place without the core region.

Binding of hSkn-1a to the core region in vitro

An clectrophoretic mobility shift assay (EMSA) identi-
fied two binding sites for hSkn-la in the core region.
Because the core region does not contain the previ-
ously identified three hSkn-la-binding sites (Fig. 3A),
additional binding sites for hSkn-la were explored by
EMSA. A bacterially expressed hSkn-la fused with
glutathione S-transferase (GST-hSkn-la) was incu-
bated with radiolabeled DNA probes having nucleo-
tide sequences of the HPV16 genome from nucleotides
7835-7884 (a), from nucleotides 7875-20 (b), from
nucleotides 11-62 (c) and from nucleotides 49-100 (d)
(Fig. 4A). The complex of GST-hSkn-la with the
probes was detected by mobility shift. As shown in
Fig. 4B, GST-hSkn-1a bound to probes b and d, but
not to probes a and c.

The nuclear extract from HeLa cells expressing
hSkn-la bound to probes b and d (Fig. 4C). The
HeLa/hSkn-la cells, which express hSkn-la in
response to doxycycline in culture medium [26], were
used to obtain nuclear extracts with or without hSkn-
la. The incubation of probes b or d with the nuclear
extract containing hSkn-la gave rise to newly shifted
bands, which were not formed by the incubation with
the nuclear extract not containing hSkn-la (Fig. 4C,
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compare lanes 4 and 8 with lanes 3 and 7, respec-
tively). These bands completely disappeared upon
addition of the antibody against hSkn-la (Fig. 4C,
lanes 10 and 12), indicating that these shifted bands
contained hSkn-la. Competition with unlabeled probes
b or d depleted the shified bands (Fig. 4D), demon-
strating the sequence-specific binding of hSkn-la to
probes b and d.

The hSkn-1a binding sites #1 and #2 were identified
in probes b and d, respectively. The nucleotide
sequences of probes b and d contain ATGAATTA
(from nucleotides 15-8) and ATGCACCA (from
nucleotides 83-90), respectively, which differ in one
base from the hSkn-la-binding consensus sequence
(WTGCAWNN) (Fig. 4A,E). Nucleotide substitutions
of GTC for ATG were introduced into sites #1 and #2
in probes b and d, respectively, to produce mutated
probes mb and md (Fig. 4E). The level of GST-hSkn-
la/mb complex was approximately half of the level of
the GST-hSkn-1a/b complex (Fig. 4E, lanes 2 and 4).
The level of GST-hSkn-la/md complex was severely
reduced (Fig. 4E, lanes 6 and 8). The results indicate
that hSkn-la binds to sites #1 and #2 in a sequence-
specific manner. Site #l partially overlaps with the
El-binding site, and site #2 resides between the TATA
sequence for the early promoter and the E6 coding
region (Fig. 4A).

Binding of hSkn-1a to the core region in cells

A chromatin immunoprecipitation (ChIP) showed that
hSkn-la bound to the core region of pGL3-
(7838/100) in HEK293 cells. ChIP assays using anti-
hSkn-la or control sera were conducted with
HEK293 cells transfected with pGL3-(7838/100) and

Fig. 4. Binding of hSkn-1a to the HPV18 origin region in vitro. (A) The DNA probes used in the EMSA. Numbers in parentheses indicate
nucleotide numbers of the HPV16 DNA (Los Alamos Mational Laboratory database, NM, USA). Nucleotide sequences from nucleotides
7785-7904 and nucleotides 1-120 of HPV16 DNA are presented. The binding sites for E1 and E2 ere boxed in dark or light gray, respec-
tively, and labeled E1BS for E1, E285#2, E2BS#3 and E2BS#4 for E2. Two binding sequences for hSkn-1a identified by EMSASs in the pres-
ent study are boxed and indicated as sites #1 and #2, The TATA-box sequence for the Pg; promoter and the coding region of E6 are also
boxed. (B) EMSA detecting the complex of the **P-labeled ptobes and GST-hSkn-1a. The probe/GST-hSkn-1a lex was el h d
on a 5% polyacrylamide gel and visualized by au fiography. The *?P-labeled probe/GST-hSkn-1a complex Is indicated by a square bracket
[(of] EMSA detecting the complex of the P hbelad probes and hSkn-1a in the Hela nuclear extract. The HPV16 probes were incubated with
g hSkn-1a (lanes 2, 4, 6 and B) or not containing hSkn-1a (lanes 1, 3. 5 and 7). In the right panel, the antibody
against hSkn-1a (lanes 10 lnd 12) or contral rabbit IgG Ilnnes 9 and 11) was aadad 1o the reaction mixture. The **P-labeled probe/hSkn-1a
complex is indicated by asterisks, (D) EMSA showing comp b 1 unk i probes and the **P-lgbeled probe/hSkn-1a complex in
the Hela nuclear extract. The *2P-labeled probes b or d were incubated with nuclear extracts containing hSkn-1a (lanes 2-4 and 6-8) or not
containing hSkn-1a (lanes 1 and 5), in the presence of a 60-fold exess of unlabeled probe b (lane 3), unlabeled probe d (lane 7), unlabeled
probe a (lanes 4 and B), or in the absence of competitors (lanes 1, 2, 6 and 6). The **P-labeled probe/hSkn-1a complex is indicated by aster-
isks. (E) EMSA detecting the complex of the 3P-labeled mutated probes and GST-hSkn-1a. Potential binding sequences for hSkn-1a and
base substitutions introduced in probes b and d are shown in the right upper panel. W indicates A or T. The levels of the shifted band
(square bracket) were measured and are shown in the right-hand panel.
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the plasmid expressing hSkn-la. Immunoprecipitates
with the anti-hSkn-la serum contained more core
region DNA than the control IgG precipitates
(Fig. 5B, lanes 5 and 6). The level of core region
DNA in the samples precipitated with the anti-hSkn-
la serum was three-fold higher than that precipitated
with the control antibody (three-fold enrichment)
(Fig. 5C). Without the plasmid expressing hSkn-la,

hSkn-1a enhances HPV DNA replication

the anti-hSkn-la serum did not enrich the core region
DNA in the precipitate (data not shown), indicating
that exogenous hSkn-la binds to the core region
DNA in cells.

The nucleotide substitutions in sites #1 and #2 of
pGL3-(7838/100) reduced the levels of the enrichment
by the anti-hSkn-la serum. Nucleotide substitutions of
GTC for ATG (mutations corresponding to those
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Fig. 5. Binding of hSkn-1a to the HPV18 origin region in vivo, (A)
Schematic representation of pGL3-(7838/100) with mutations in
the hSkn-1a binding sites. The mutations shown in Fig. 4E were
duced into the corresponding positions of pGL3-(7838/100) to
produce pGL3-m1, pGL3-m2 and pGL3-m1/m2. The binding sites
for E1, E2 and hSkn-1a are Indicated. (B) Chromatin immunoprecipi-
tation analysis detecting complex of hSkn-1a and the origin region
DMA. HEK293 cells transfected with pGL3-(7838/100), pGL3-m1,
pGL3-m2 or pGL3-m1/m2 together with pHM/hSkn-1a were cul-
tured for 72 h and then treated with formaldehyde for crogs-linking.
The chromatin/hSkn-1a p was im precipi i with
anti-hSkn-1a serum (Skn) or control rabbit IgG (C). DNA was
extracted from the precipitates and used as o template for PCR
amplification of the origin DNA fragments (from nuclectides 7851
to 90). The PCR products were electrophoresed on 8 1.5% agarose
gel and stained with ethidium bromide. Part (1%) of the total input
chromatin was used for PCR analyses (input). (C) The level of
immunoprecipitated origin DNA was determined by realtime PCR.
Fold enrichment of the precipitated DNA fragments is indicated on
the right. The scale bar represents the mean & SE of two indepen-
dent experiments.

intr

introduced into mb and md) were introduced into sites
#1 and site #2 and both of pGL3-(7838/100) to pro-
duce pGL3-ml, pGL3-m2 and pGL3-ml/m2, respec-
tively (Fig. 5A). As shown in Fig. 5B (lanes 7 to 12)
and Fig. 5C, the enrichment of the core region DNA
in the precipitates obtained with pGL3-ml and pGL3-
m2 was reduced and not detected with pGL3-ml/m2,
suggesting that hSkn-la binds to sites #1 and #2 in a
sequence-specific manner in HEK 293 cells.
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Effect of mutations in hSkn-1a binding sites on
replication enhancement

The double mutations in both sites #1 and #2 abol-
ished the hSkn-la-mediated enhancement of the
HPV16 origin-dependent replication. Transient replica-
tion assays were conducted with pGL3-(7838/100),
pGL3-ml, pGL3-m2 and pGL3-ml/m2 (Fig. 6). The
overall levels of replication of pGL3-ml, pGL3-m2
and pGL3-ml/m2 were lower than that of pGL3-
(7838/100), probably due to the mutations in the core
region sequences [27]. The hSkn-la-mediated enhance-
ment of the replication of pGL3-ml and pGL3-m2
was reduced and that of pGL3-ml/m2 was totally
abolished (Fig. 6A). Similar results were obtained by
Southern blot analysis (Fig. 6B). The results strongly
suggest that the binding of hSkn-la to sites #1 and
#2 is necessary for the replication enhancement by
hSkn-la.

In the present study, we have shown that hSkn-1a
enhances the transient replication of pGL3-Pgy, a
plasmid containing the HPVI16 replication origin, in
HEK293 cells. The enhancement is mediated by the
sequence-specific binding of hSkn-la to the two sites,
from nucleotides 8-15 and from nucleotides 83-90,
near the origin. The replication of a plasmid containing
the HPV11 origin was similarly enhanced by hSkn-la
(data not shown), suggesting that the enhancing effect
of hSkn-1a may be common to the other HPV types.

Although hSkn-la affects cellular DNA synthesis of
undifferentiated cultured cells, the enhancement of
HPV DNA replication in HEK293 cells is not caused
by the hSkn-la-mediated activation of cellular DNA
synthesis machinery. Primary human keratinocytes
inoculated with the recombinant retrovirus expressing
hSkn-la proliferate transiently, express the marker
genes for the differentiation, and form stratified layers
[15]. The cervical cancer cell lines HeLa, SiHa, CaSki
and C33A transfected with an expression plasmid for
hSkn-la trigger the resumption of partial differen-
tiation and cease growing, and eventually result in
apopiosis [26]. However, a previous study has shown
that the growth capacity of HEK293 cells is not
affected by hSkn-la [26], indicating that hSkn-la does
not up- or down-regulate the expression of genes
directly associated with DNA synthesis of HEK293
cells. Thus, HEK293 cells appear to be an appropriate
system to detect the hSkn-la functions apart from
those inducing transient cellular DNA synthesis or
apoplosis.

FEBS Journal 275 (2008) 3123-3135 © 2008 The Authors Journal compilation © 2008 FEBS



I, Kukimoto et af

A E1/E2
paL3-(7esan00) | +
| #*
paLamt | +
| +
Fig. 6. Effect of hSkn-1a on the replication pGL3m2 | +
of mutated origin-containing plasmids. (A} +
Replicated pGL3-(7838/100), pGL3-m1, S
pGL3-m2 or pGL3-m1/m2 was measured 4+
with the extract from HEX253 cells that had Lt n ol
been co-transfected with (plus) or without |
[minus) plasmids expressing E1/E2 and
hSkn-1a, as indicated. The relative replica-
tion of each plasmid has been normalized
and is shown as the ratio of replicated B

pGL3-{7838/100) with E1/E2 but without
hSkn-1a. The scale bar represents the
meen = SD of three independent transtec-
tion s, (B) Southern biot analysi
of Dpnl-resistant replicated pGL3-Pyso.

PGLI-{(T838/100)

hSknla — 4 — 4 — 4 — +

hSkn-1a enhances HPV DNA replication

Foid enhancemant
- N
- === j
x25

+ "
- l -
- = i
+ [ —
- =

5 x18
+ EB=ma i
=8 )
ol g 508
g i

0 10 20 a0

Replcaton level
g

R

pGL3-m1, pGL3-m2, or pGL3-m1/m2 in the
absence of presence of hSkn-1s co-expres-
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Mouse Skn-la was shown to interact with cellular
histone acetyltransferases, CREB-binding protein
(CBP) and p300 [22]. As is the case with the host
genome, the HPV DNA associates with cellular
histone octamers in cells to form nucleosomes. In
general, the nucleosome structure restricts the access
of DNA-binding proteins to their recognition
sequences. CBP/p300 acetylates the lysine of the
N-terminal tails in histones H3 and H4 and loosens
the binding of DNA to a histone octamer by neutral-
ization of the positive charge of histones [28,29).
Thus, the acetylation of histones facilitates recruit-
ment of cellular factors required for transcription and
replication to their recognition sequences. Cellular
Hbo!l acetyltransferase, which was isolated as an
inleracting protein with human origin recognition
complex, was shown to be involved in the initiation
of cellular DNA replication [30). It is possible that
hSkn-la recruits CBP/p300 to the HPV origin and
enhances the HPV replication through acetylation of
histones of a viral nucleosome near the origin.

The enhanced expression of El from the viral late
promoter, such as Pgyp for HPVI6 and P for
HPV31, which is located within the E7 gene, is the
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initial event for HPV DNA to replicate. CDP [20],
YY1 [31), hSkn-la [23], C/EBPp [25] and probably
unidentified cellular factor(s) are involved in the regu-
lation of the late promoter activity. CDP and YYI
bind to the late promoter region of HPVI16 and sup-
press the transcription in the undifferentiated cells
[23,32]. Although the precise mechanism is not yel
elucidated, the suppression is released in the differenti-
ating keratinocytes. At least hSkn-la and C/EBPp
both emerge in the differentiating keratinocytes, bind
to the late promoter region of HPV16 and enhance
the transcription of the EI gene [23,25]. Thus,
hSkn-la is likely to be involved in the three important
steps required for the efficient HPV DNA replication
in the differentiating keratinocytes: activation of
El gene transcription from the late promoter, the
transient activation of cellular DNA synthesis machin-
ery and the enhancement of the HPV DNA replication
through the binding to the core origin region. Further
studies are necessary to fully understand the HPV
DNA replication that proceeds only in differentiating
keratinocytes, in which multiple regulatory factors
(including yet unidentified factors) coordinate along
with the process of differentiation.
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Experimental procedures

Culture of HEK293 cells

HEK293 cells, a human embryonic kidney cell line
transformed with the adenovirus EJ gene, were grown in
Dulbecco’s modified Eagle medium supplemented with 10%
fetal bovine serum in 5% CO, at 37 °C.

Construction of plasmids

A plasmid expressing both HPV16 El and E2, pCMV/
E1-IRES-E2, was constructed. The DNA fragment encod-
ing the poliovirus IRES was amplified by PCR with pSRa-
IRES [33] (a gift from T. Mizuno, Riken, Saitama, Japan)
as a template, and cloned into the Smal site located
downstream of the EI genc of pCMV4/E] (a gift from
P. Howley, Harvard Medical School, Boston, MA, USA).
Next, the E2 DNA fragment, which had been amplified by
PCR. with pCMV4/E2 (a gift from P. Howley) as a tem-
plate, was cloned into downstream of the IRES sequence to
generate pPCMV/E1-IRES-E2.

The expression plasmids for hSkn-la and for C/EBPB
were described previously [23,25]. The expression plasmid
for DNA-binding deficient hSkn-la, N331A, in which
asparagine at the amino acid position 331 was replaced
with alanine, was constructed from pHM/hSkn-la with a
oligonucleotide, 5-AGG GTC TGG TTC TGC GCC CGA
CGC CAA AAG GAG-¥ (mismatched bases underlined),
using a QuickChange Site-Directed Mutagenesis Kit (Strat-
agene, La Jolla, CA, USA).

The expression plasmids for Tst-1 and for Brn-1 were pro-
vided by M. Wegner (Hamburg University, Germany). The
expression plasmids for Oct-1 and for CDP were provided by
W. Herr (Lausanne University, Switzerland) and E. Neufeld
(Boston Children’s Hospital, MA, USA), respectively.

The HPVI6 origin-containing plasmid pGL3-Pgm was
described previously [25]. HPVI6 DNA fragments from
nucleotides (the HPV Sequence Database of Los Alamos
National Laboratory) 7003-100, from nucleotides 7838-100
and from nucleotides 281-864, were amplified by PCR and
inserted between Smal and Ncol sites of pGL3-Basic (Pro-
mega, Madison, WI, USA) to generate pGL3-(7003/100),
pGL3-(7838/100) and pGL3-(281/864), respectively. All
nucleotide substitutions in pGL3-(7838/100) were intro-
duced by using standard PCR techniques with KOD-plus
polymerase (Toyobo, Osaka, Japan) and verified by DNA
sequencing.

HPV16 transient replication assay

HEK293 cells (4 x 10°) were grown on a 60-mm dish for
18 h and then transfected with 5 ng of pGL3-Pgs, 600 ng
of pPCMV/EI-IRES-E2 and 400 ng of the expression plas-
mid for the transcription factor by using a FuGENEG6
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reagent (Roche Applied Science, Indianapolis, IN, USA).
At 72 h after the transfection, the episomal DNA was
recovered by a modified Hirt procedure (34]. Briefly, the
cells were lysed with a lysis buffer consisting of 25 mMm
Tris-HCl (pH 7.5), Smm EDTA, 06% SDS and
25 pgmL™" of RNase A, followed by the addition of a buf-
fer consisting of 3 M CsCl, | M potassium acetate and
0.67 M acetic acid. The mixture was centrifuged at 14 000 g
to precipitate proteins and genomic DNA of the cells. The
clear supernatant was applied to a QIAprep spin column
(Qiagen, Valencia, CA, USA). After washing the column
with a buffer consisting of 10 mm Tris-HCl (pH 7.5),
80 mM potassium acetate, 40 mm EDTA and 60% ethanol,
the DNA samples trapped in the column were eluted with
TE (10 mm Tris-HCL, pH 8.0 and | mm EDTA). The puri-
fied DNA samples were digested with Dpnl to cut the
methylated DNA, which had been used for the transfection,
at 37 °C for 5 h. The origin-containing plasmid in both the
Dpnl-digested and undigested samples was quantitated by a
real-time PCR analysis using an ABI PRISM7700 Sequence
Detector with Power SYBR Green PCR Kit (Applied
Biosystems, Foster City, CA, USA). The 150 bp fragment
of the firefly luciferase gene, from nucleotides 641-790 of
pGL3-Basic, which encompasses three Dpnl sites, was
amplified with primers, 5-CCT TCG ATA GGG ACA
AGA CAA TTG-¥ and 5-TAT CCG GAA TGA TIT
GAT TGC CAA A-3'. The relative amount of the repli-
cated reference plasmid, pGL3-Pgy or pGL3-(7838/100),
was determined by dividing the amount of the Dpnl-resis-
tant pGL3-Pgyp by that of the total episomal pGL3-Pgr.
The effect of the factor to be tested was presented as the
relative replication, which was the ratio of the relative
amount obtained with the factor to that obtained without
the factor,

The Southern blot analysis to detect the Dpnl-resistant
replicated pGL3-Pgyo was conducted as described previously
[23).

The replication level of a plasmid containing oriP of
Epstein-Barr virus in HEK293 cells was measured similarly
by using pREP4 (Invitrogen, Carlsbad, CA, USA), which
contains oriP and the coding region for the viral oriP-bind-
ing protein, EBNAL. A real-time PCR analysis was per-
formed to quantitate the total episomal and Dpnl-resistant
pREP4 using specific primers for hygromycin gene in
pREP4, ¥-GGT CGC GGA GGC CAT GGA TGC GA-3
and 5-GTT TGC CAG TGA TAC ACA TGG GGA-Y.
The incorporation of BrdU into nuclei of HEK293 cells
with or without hSkn-la expression was measured by using
BrdU Cell Proliferation Assay Kit (Exalpha Biological,
Watertown, MA, USA). The replication level of the HPV16
full-gecnome was measured by using a re-circularized
HPV16 genome [23]. A real-time PCR analysis was per-
formed to quantitate the total episomal and Dpnl-resistant
HPVI16 genome using primers 5-CCG GTC GAT GTA
TGT CTT GTT GCA GAT CAT-3 and 5-GCT CAT
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AAC AGT AGA GAT CAG TTG TCT CTG-3 to amplify
the HPV16 genome fragment from nucleotides 501-640.

Luciferase reporter assay

The E2 gene in pCMV/E1-IRES-E2 was replaced with the
firefly luciferase gene to produce, pCMV/E1-IRES-Firefly.
HEK293 cells were seeded onto 24-well plates
(4 x 10° cellswell™") and cultured for 18 h. The cells were
transfected with a mixture of 240 ng of pCMV/EI-IRES-
Firefly, 5 ng of the plasmid expressing Renilla luciferase,
pCMV/Renilla (pRL-CMV; Promega) and 160 ng of the
expression plasmid for transcription factor by using a
FuGENES6 reagent. At 72 h after the transfection, firefly
and Renilla luciferase activities were measured with one-
third of the lysate by using Dual-Glo luciferase assay Kit
(Promega) and an ARVO MX luminescence counter (Per-
kin-Elmer, Boston, MA, USA). The luciferase activities
were normalized to protein concentration of the lysate
determined by DC Protein Assay Kit (Bio-Rad, Hercules,
CA, USA).

Electrophoretic mobility shift assay

GST-hSkn-la was purified as described previously [23]. The
nuclear extracts containing or not containing hSkn-la were
prepared by Dignam’s procedure from HeLa/hSkn-la cells
[26], in which expression of hSkn-1a is induced by the addi-
tion of doxycycline to the medium. A mixture of 200 ng of
GS5T-hSkn-la or 100 pg of the nuclear extract, double-
stranded *?P-labeled oligonucleotides (0.4 pmol) and 1 pg
of poly (d1/dC) in a final volume of 10 pL of a binding
buffer consisting of 20 mM Tris-HCl (pH 8.0), 50 mm
NaCl, 10 mM MgCls, 10% glycerol, | mM dithiothreitol
and 40 pgmL™" BSA, was incubated on ice for 30 min.
Then the samples were loaded on 5% polyacrylamide gels
and electrophoresed in 0.5¢ Tris-borate/EDTA buffer at
4 °C, The gels were dried. *?P-labeled oligonucleotides were
visualized by autoradiography on a BAS2500 image
analyzer (Fuji Film, Tokyo, Japan). The sequences of dou-
ble-stranded oligonucleotides are: a (from nucleotides 7835-
7884), 5-AAC TGC ACA TGG GTG TGT GCA AAC
CGA TTT TGG GTT ACA CAT TTA CAA GC-3"; b
(from nucleotides 7825-20), 5-ATT TAC AAG CAA CTT
ATA TAA TAA TAC TAA ACT ACA ATA ATT CAT
GTA TA-3; ¢ (from nucleotides 11-62), §-TTC ATG TAT
AAA ACT AAG GGC GTA ACC GAA ATC GGT TGA
ACC GAA ACC GGT T-3; d (from nucleotides 49-100),
5-AAC CGA AAC CGG TTA GTA TAA AAG CAG
ACA TTT TAT GCA CCA AAA GAG AAC T-3; mb,
5-ATT TAC AAG CAA CTT ATA TAA TAA TAC TAA
ACT ACA ATA ATT GAC GTA TA-3; md, 5-AAC
CGA AAC CGG TTA GTA TAA AAG CAG ACA TTT
TGT CCA CCA AAA GAG AAC T-¥. Nucleotides used
for substitution mutations are underlined. The anti-hSkn-la
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serum used in the supershift assay was purchased
from Santa Cruz Biotechnology (C-20X, Santa Cruz,
CA, USA).

Chromatin immunoprecipitation assay

HEK293 cells (I x 10%) were grown on a 100-mm dish for
20 h and then transfected with 2 pg of the HPV16 origin-
containing plasmid and 4 pg of pHM/hSkn-la using
FuGENE6. At 72 h after the transfection, the cells were
incubated for cross-linking with 1% formaldehyde for 5 min
at 37 °C and then treated for 5§ min with 125 mm glycine for
quenching, The cells were lysed in 200 uL. of lysis buffer
(1% SDS, 10 mm EDTA, 50 mM Tris-HCI, pH 8.0) supple-
mented with protease inhibitor mixture (Roche Applied Sci-
ence), incubated on ice for 10 min, and sonicated using a
Bioruptor (Cosmobio, Tokyo, Japan). One hundred microli-
tre of the sample was mixed with 900 pL of ChIP dilution
buffer (0.01% SDS, 1.1% Triton X-100, 1.2 mm EDTA,
167 mm NaCl, 16.7 mm Tris-HCL, pH 8.0) and precleared
with salmon sperm DNA/protein G-agarose beads. The
supernatant was incubated overnight at 4 °C with anti-
hSkn-la serum (Santa Cruz) or normal rabbit IgG. The
chromatin-antibody complex was purified by the incubation
with the agarose beads for 2 h at 4 °C. The beads were
washed sequentially for 5min at 4 °C in wash buffer |
(0.1% SDS, 1% Triton X-100, 2 mMm EDTA, 150 mm NaCl,
Tris-HCI, pH 8.0), wash buffer Il (0.1% SDS, 1% Tn-
ton X-100, 2 mm EDTA, 500 mm NaCl, Tris-HCI, pH 8.0),
wash buffer ITI (0.25 M LiCl, 1% NP-40, 1% sodium deoxy-
cholate, | mm EDTA, 10 mM Tris-HCI, pH 8.0) and TE
(10 mM Tris-HCL, pH 8.0, | mM EDTA) twice. The chro-
matin was extracted with 200 pL. of elution buffer (1%
SDS, 0.1 M NaHCO;, 10 mm dithiothreitol) and heated at
65 °C for 4 h to reverse the cross-links, followed by protein-
ase K digestion overnight at 37 °C. DNA was recovered by
phenol/chloroform extraction and ethanol precipitation.
The purified DNA was used as a template to amplify the
origin DNA fragment (from nucleotides 7851-90) by PCR
(PCR primers: forward, 5“GTG CAA ACC GAT TTT
GGG TTA CAC ATT TAC-3; reverse, 5-TGG TGC ATA
AAA TGT CTG CTT TTA TAC TAA-3). PCR products
were separated by 1.5% agarose pel electrophoresis and
visualized with ethidium bromide. The amounts of the ori-
gin DNA fragment in one-tenth of the purified samples were
quantitated by a real-time PCR analysis using an ABI
PRISM7700 with Power SYBR Green PCR Kit.
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Expression of CD1d and Ligand-Induced Cytokine Production Are
Tissue Specific in Mucosal Epithelia of the Human Lower
Reproductive Tract’
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Mucosal epithelia of the human lower reproductive tract (vagina, cervix, and penile urethra) are exposed to

sexually transmitted microbes, including Chlamydia trachomatis. The in vivo susceptibility of each tissue type
to infection with C. trachomatis is quite distinct. CD1d is expressed on the surface of antigen-presenting cells,
including mucosal epithelial cells, and interacts specifically with invariant NKT cells, Invariant NKT cells play
a role in both innate and adaptive immune responses to microbes, Here we assessed CD1d expression in
normal reproductive tissues by using immunohistochemistry. Immortalized epithelial cell lines from the
human lower reproductive tract (vagina, endocervix, and penile urethra) were examined for CDI1d expression
and for ligand-induced cytokine production induced by CD1d cross-linking. CD1d expression in normal tissue
was strong in the vagina but weak in the endocervix and penile urethra. Gamma interferon exposure induced
CD1d transcription in all of the cell types studied, with the strongest induction in vaginal cells, Flow cytometry
revealed cell surface expression of CDId in vaginal and penile urethral epithelial cells but not in endocervical
cells. Ligation of surface-expressed CD1d by monoclonal antibody cross-linking promoted interleukin-12
(IL-12) and IL-15, but not 1L-10, production in vaginal and penile urethral cells. No induction was demon-
strated in endocervical cells. CDId-mediated cytokine production in penile urethral cells was abrogated by €.
trachomatis infection. Basal deficiency in CDId-mediated immune responsiveness may result in susceptibility
to sexually transmitted agents. Decrensed CD1d-mediated signaling may help C. trachamatis evade detection by

innate immune cells.

Mucosal epithelia of the human lower reproductive tract are
exposed 10 sexually transmitted microbes. However, the in vivo
susceptibility of each tissue 10 infection by Clillamydia traclio-
matis, Newsseria gonomhocae, herpes simplex virus (HSV), and
cytomegalovirus is quite distinet. In women, the cervix is typ
icully more vulnerable than the vagina (7, 22, 26). Many pre-
vious studies have demonstrated that human female reproduc-
tive tract epithelial cells participate in immunological function
and are regulated by the actions of inflammatory cytokines,
chemokines, and female hormones (13, 20, 27, 37)

CD1d is a major histocompatibility complex-hke glycopro-
tein that presents self or microbial lipid antigen o natural
killer T (NKT) cells (33), Tn humans, a specific subset of NKT
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cells expresses an invariant Vo24-JaQ/VEILL T-cell receptor
and can recognize CDMd on the surface of antigen-presenting
cells (APCs) through this receptor CD1d is expressed not only
in typical APCs (maciophages, dendritic cells [DCs|, and B
cells) but also in intestinal epithelial cells (4, 8). foreskin ke-
ratinocytes (5), and penile urethral epithelial cells (21). CD1d
plays a role in both innate and sdaptive immunity 1o various
bacteriy, viruses, fungi, and parasites (reviewed in reference
28), Activation of CD Id-restricted invariam NKT (iNKT) cells
enhances host resistance to some microbes in a manner de-
pendent on the level of CD1d expression on APCs (29, 30). In
comtrast, the activation of INKT cells promotes susceptibility 1o
some microbes (3. 28). For instance. in the murine lung, the
immune responses of INKT cells 1o two very closely related
microbes, Chlamydia pneumeoniae and Chlamydia mundarum,
are protective and harmful, respectively (19).

The activation of CDId-restricted INKT cells in response to
microbial invasion is antigen dependent, but these antigens can
be derived from the invading microbe or possibly from host
lipid antigens (6, 16, 23). Intracellular signaling mediated hy
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surface CDId utilizes NF-kB, a well-known immune-related
transcription factor (32, 38). CD1d-restricted NKT cells can
act directly on infected cells, killing CDId-expressing cells
(28). They can also modulate adaptive immune cells by altering
Th1-Th2 polarization, Recognition of CD1d by iNKT cells can
cause rapid release of both interleukin-4 (11.-4) and gamma
interferon (1FN-y) from NKT cells (2). The resultant T helper
cell polarization induced by activated INKT cells differs, de-
pending on the nature of the invading microbe (19), Therefore,
CD1d and CD1d-restricted NKT cells serve as a natural bridge
between innate and adaptive immune responses to microbes,

The function of CD1d can be addressed experimentally by
monoclonal antibody (MAb) cross-linking of cell surface-ex-
pressed CD1d (11, 38). CD1d ligation by cross-linking with an
anti-CD 1d MAD (51.1) induces tyrosine phosphorylation in the
cytoplasmic tail of CD1d, subsequent intracellular signaling
through NF-xB, and autocrine cytokine release from CD1d-
bearing cells, 11-10 is induced by CDId cross-linking in intes-
tinal epithelial cells (11), whereas TL-12 is induced in mono-
cytes and immature DCs (38).

The expression and function of CDId in human lower
reproductive tract mucosae have been poorly studied. although
previous work has demonstrated that CD1d expression is neg-
ligible in the upper reproductive tract (endometrial glands)
(8). Here we assessed the CD1d expression profiles in a variety
of mucosal epithelial sites in the female and male reproductive
tracts (endometrium, cervix, vagina, and penile urethra) and
uddressed the hypothesis that varied expression of CDI1d am
these sites may invoke tssue-specilic dilferences in epithelial
immune responsiveness. Additionally, we have recently dem-
onstrated that C. trachomadis infection results in the downregu-
lation of surface-expressed CDId in human penile urethral
epithelial cells, the most commonly infected cell type in the
male, and that this is caused by proteasomal degradation (21).
Here, € rachomatis-infected and noninfected penile epithelial
cells were examined for antibody cross-linking of surface CDI1d
to confirm that C. trachomatis infection alters CD1d-mediated
awtocrine eylokine production. '

MATERIALS AND METHODS

¥ g T OO was performed on Tormas
lin-tined. parallin-embedded sections ol nlmlml inan endomeirim

fenduocervis and cotogerviv), vaging, and penis tissues (oliained under Tnstitue
vonal Review Board approval through Brigham and Women's Hospital. Hurvard
Medical School. and the Liniversity of Tokyo) Tweo 1o 10 tssue samples from
cach site were examined. Oprimal immunostnining required nntigen retnicval
via mictowive exposure in D01 M citrate bufler. A mouse anti-CTId MA
{NORI 2 1-500; Abeam Ine. Cambridge, MA ) or an irrclevant. lsotype-matched
mouse MAD (negative control anti-chlamydinl protein antibody, a kind gilt from

oervin
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Crnss-linking with an anti-CD1d MAR. Epihiclial ol were cultvred in KSFM
i E2-well plares and used 3t nesr (809 ) confluenie. Ten micrograms per mil-
Tibiter ante-CL A MAR S1 L (4 kind gift from RS Blumberg, Harvard Medical
Schoul. Buoston, MA) o1 an isotype eomtrol MAD (DakoCytomation, Ghstrup,
Denmark) was added 1w cell monolayers. which were theo incubated o | b
ITC Cells were then wished with phosphute-buffered saling (PBS), and 10
pg/mi goat anti-mouse immunoglobulin (1g) antibody (Chemicon International
Temcoula, CA) was added ns a cross-linker for 30 min of incubation st 37°C The
cells were wished in FBS one addivonal time and imcubated in the serum. free
growih medium without antibiotics for 010 24 h

Flaw cytometrie analysis. Single-color flow cytometry was performed 1n de-
terming eell wirface CI1d expression patterns. Reprodictive tract cpithelinl coll
were detached from culture plates with DUSS EDTA in PBS, washed in cold
PBS, and incubated with NOR3 2 MAB (1 pg/mi) in PBS for 30 min on e, Fer
indirect stalning experiments, oclls were incubated with R-phycoctythrin-conju-
gated anti-mouse 1gG (DakoCy han, Gl . Dy k) for 30 min on ice.
Controls were exposed 10 an isotype-matched inclevam MAD (1 ug/ml: Dako-
Cytomation, Glostrup, Denmark ). After washing, the cells were annlyzed for PCS
via standard Aow cytometry,

Reverse transeription (RT)-PCR and semiquantitative PCR. Onc microgram
of toral RNA was used for the reverse vanscriptase reaction with oligo{dT) and
an RNA PCR kit (Apphicd Biosystems, Foster City, CA) Total cDNA reaction
samples were used as templates for the amplification of euch gene ragment with
the PCR Core kit (Applicd Biosystems) A primer pair set for each gone was
synthesized by Invitrogen Corporation as follows: CDId (433 bp), S-GCTGCA
ACCAGGACAAGTGOACGAGY (lorward) and 5 -AGGAACAGCAAGUA
COCCAGGACT-3 (roverse); ghyoernldehyde3-pl dehydropennse (GAPDLL
889 bp), & ‘(_IGM(!(JT(IM‘JU]((!G,AU]( _1' ifuru.ml] and 5-AAGGTG
GAGOGAGTGGGTGTCA' (roverse). Expected single-band PCR products wore
quantitated with an image analyzer { 1 Imuge. Fredonick. MD) and normal:
ired 10 GAPDH.

For quantitative PCR, cDDNAs were produced via RT of | ug of 1otal RNA
cumcted from the cells as deseribed above with an Cmniseript RT kit (Qtngen,
Tne., Val . CA) Twn microliters of fivefold-diluted cDNA was amplificd in
u thermal eveler (T30 Real-Time PCR System: Applicd Biosysiems) with a
OuantiTeat SYBR green PCR kit (Qiagen, Inc ) and the following primer pair
sors 1L-12 p3s, commercially svailable pair (R& D Systems, Mimneapolis, MN);
IL-10, $“AGCTCAGCACTGCTCTGTTG-3' (forward) and 5-GCATTCTTC
ACCTGCTGCTOUA-Y (reverse) (1) 1LA1S, S-TTCACTTGAGTCCGGAG
ATGC-F (forward) and S-GCATCCAGATTCTGTTACATTOCC-3 (revense);
feactin, F-GAAATOGTGOGTGACATTAAGG-3 (forward) and §-TCAGG
CAGCTCGTAGCTTUT-3" {reverse). The T1-12 and T 15 mENA lovels were
normalized to that of B-actin, the mitctnal gontol

Cytokine ELISAs. Levels of secreted TH-12 wmd 1E-15 were guantified by
solid-phase sandwich cnzymo-linked immunisorbent sssay (ELISA; BioSouioe
Internntionul. Inc. Camarillo, CA). Briefly, anti-11-12 or -TL-15 specitic antibody
wis used o coat microtiter plates and S0-pl volumes of cullure supgrmatant
samples or eytoking standards were added. Detection required the addition of i
hivtinvisted sccondary antibody and s mathid-
ology. A mandurd curve was produced by absorhance measurements #1450 nm
for standard samples. and cach unknown semple was measured and plotted on
the standard cune

C. trachomatis infection, Nearly confluemt PURL cells were averland with ¢
trwechewrtis serovar Fostrain FAC-Cal-13) clementary bodics sugpended in o
sueriee-phusphate-ghamate solution at a predetcrmined dilution i resulted
n TU% of the eclls hecoming infected (multiplicity of mfoction 1) Plates were
eentrifuped for | h, supermutants were aspirnted after centrilugation, and oells
were cultured for 24 h st 37°C in KSFM

Statistical analysis. Quantitative PCR and ELISA dita ore presented as

'l 1
srepty I

Li Shen, Boston Undversity) was used s the primmny reageot. |
witn amphified and Jetected by standird avidin-blotn-hoose cadish ihl-!!ldm
methodology (Veetor Laburstorics. Burlingame, CA) and disminobenzidine
colen dhevelopmen (DakoCytomation, Carploteria, CA). Nuclel were counter-
stanined by standard hematoxylin protocols (Vecun Laboramorics) Analyses were
pettormed al o magnification of 200,

Cell lines and 1FN-y treatment. The endocervical (End VEGET), vaginal
(VKZEAET) (gencrous gifis from [ 1 Anderson, Bosion University, Beston,
MA) and penite urcthral (PURL) epithehial cell lines used m this study were
extablished from primary cpithelial cells thin were immuortalized by transduction
with the rermovinl vector LXSN-16EGET (12, 21) Cells were culiured in karas
thnesevte serum-free medinm supplementod witly bovine pitnitary estiact. recom-
it ephdermal growth factor, and ealciiom chloride (KSPM. Inviltogen Cor
paaration, Carlehad, CA) For experiments involving TPN-y. coll were exposed to
1 ol TENGy (Sigmu-Aldrich Inc St Louis, MOY for |9 h

means = standird devintions. Expeniments were performed independemly m
least three times. mRNA wnd protein levels (CD1A T2, or 1L-15) wore
compared 10 those without treatment or with stype contrals by paired, tweo-
taibed Studont £ tests, A P value of = 005 was considercd sipnificant

RESULTS

Expression of CDId in human normal lower reproductive
tract epithelia. Since CDId expression in human normal in-
testinal epithelial cells (4) and epidermal kertinocytes (5) has
been demonstrated by immunohistochemistry with the ami-
CDI1d NOR3.2 MAD, we examined immunostaimmg of human
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FIG. 1. 1 staining of |

normal reproductive tract epithelia for CDId. Tmmunostaining for CDId was performed on formalin-fixed,

HUMAN LOWER REPRODUCTIVE TRACT EPITHELIA 3013

iﬂu

paraffin-embedded tissue sections of normal human endocervix, ectocerviy, vagina, penile urethra, and proliferative-phase endometrium after
antigen retrieval. CD1d was detected with NOR3 2, a CD1d-specific MAD (1:500) (upper panels). An isotype-matched control MAb was used as
a negative control (lower pancls) (magnification, %200). Results are representative of 2 to 10 normal tissue samples from each site

normal endocervix, ectocervix, vaging, penile urethra, and en-
dometrium with NOR3.2 or isotype control MAbs (Fig. 1).
Vaginal epithelium was immunoreactive with the NOR3.2
MAb. CD1d was expressed strongly in the epithelial cells of
basal and suprabasal cell layers with negligible immunoreac-
tivity in the intermediate and superficial cell layers. Like the
vaginal epithelium, ectocervical and penile urethral epithelia
were immunoreactive with NOR3.2 in their basal and supra-
basal cell layers, although their immunoreactivity was weaker
than that of the vagina. In contrast, immunoreactivity with
NOR3.2 was barely detectable in endocervical gland epithelial
cells and completely absent in endometrial epithelial glan-
dular cells. In all of the tissues tested, CDI1d immunoreac-
tivity was absent in submucosal stromal cells, although sev-
eral small NOR3.2-reactive cells were detected among the
stromal cells that may represent lymphoid cells or DCs. The
latter finding is consistent with the previous data obtained
from normal skin (5).

Expression of CD1d in genital tract epithelial cells and its
induction by IFN-y. To quantitatively evaluate the CDId ex-
pression levels in epithelial cells representing genital tract mu-
cosal sites, we used immortalized cell lines primarily derived
from endocervical, vaginal, and penile urethral epithelia in in
vitro assays. These immuortalized epithelial cells have been
demonstrated 1o be characteristic of basal and parabasal cell-
like cells in each tissue by comparing immunological markers
and patterns of differentiation with those of normal tissues
(12). Endometrial cells were also not used for this portion of
our studies since endometnal epithelia lacked immunorcactiv-
ity to NOR3.2 in vivo, Semiquantitative RT-PCR demon-
strated basal CD1d expression in endocervical, vaginal, and
penile urethral epithelial cells at the transcriptional level (Fig.
2). Basal mRNA levels were clearly the highest in vaginal cells,
followed by penile urethral and endocervical cells. The strong
expression of CD1d in immortalized vaginal cells was consis-
tent with CDId immunoreactivity patterns in normal human
tissues.

Previous studies have shown IFN-y-mediated induction of
CD1d in some APCs, including macrophages (9), keratinocyles
(5), and intestinal epithelial cells (10), The CD1d promoter is
upregulated by IFN-y, possibly through IFN-y-responsive ele-
ments present within the transcription initiation site (Y), We
therefore addressed the 1FN-y-mediated induction of CDId

expression in reproductive tract epithelial cells (Fig. 2). CD1d
transcription was rapidly upregulated by IFN-y exposure in all
of the cell types studied; however, the level and duration of
CDId induction varied among the cell types. Endocervical cells
demonstrated minimal CD1d induction, while vaginal and pe-
nile urethral cells exhibited more robust CD1d induction. Max-
imal induction was noted in vaginal cells. In endocervical and
penile urethral cells, CD1d transcription increased at 1 h after
exposure and returned (o basal levels by 6 h after exposure. In
vaginal cells, CD1d remained clevated 6 h after of IFN-y
exposure.

To investigate more thoroughly whether CDI1d molecules
were expressed on the plasma membrane of each cell line, cells
were immunostained with the NOR3.2 antibody and analyzed
by flow eytometry (Fig. 3), Vaginal and penile urethral cells
both expressed CD1d molecules at the cell surface, although
expression was stronger in vaginal cells. In contrast, cndocer-
vical cells did not express CD1d at the surface despite our prior

ERO0 2

2gs°

Cx Pu
FIG, 2. CDId expression in h reproductive tract epithelial

cell lines. Immortalized epithelial cell lines derived from the cervix
(Cx), vagina (Vg), and penile urethra (Pu) were cultured with or
without 1TFN- (100 ng/ml) for | 1o 6 h. cDNA was produced via R of
| ug of total RNA extructed from these cells and then amplified by
PCR with primer pairs set in the CD1d and GAPDH genes. Expected
single-band PCR products were quantitated with an image analyzer
(Scion Image, Frederick, MD) and normalized to GAPDH. Mean
values with standard deviations are presented. Asterisks indicate com-
parisons {exy versus aonexposure) with statistical significance
(P < 005 n = 6).
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FIG. 3. Cell surface expression of CDId in human reproductive tract epithelial cell lines, Immortalized epithelial cell lines derived from the
cervix (Cx), vagina (Vg), and penile urethra (Pu) were cullured with or without IFN-y (100 ng/ml) for 24 h. The cells were stained with the
anti-CD1d MAb NOR3.2 and a phycoerythrin (PE)-conjugated goal anti-mouse 1g secondary antibody (bold line). Background level staining of
the cells with an isotype-matched control antibody is also shown (thin line). The upper and lower panels show cell surface CD1d levels in
nontreated (hasal) and 1FN-y-treated cells [IFN-y (+)]. The histograms shown are representative of ai least three separale experiments

demonstration of CDId mRNA in these cells by RT-PCR.
Flow cytometric analysis also revealed that the cell surface
expression of CDId clearly increased in vaginal cells after
exposure 1o ITFN-y. Similar exposures in penile urethral cells
resulted in much less dramatic changes in cell surface CD1d
expression. CD1d expression at the endocervical epithelial cell
surfuce was negligible as revealed by flow cytometry, even in
the presence of IFN-vy.

Autocrine cytokine production induced by CDId ligation,
Surlace CD1d interacts specilically with INKT cells bearing an
invariant Va24-1aQ/V@11 T-cell receptor The interaction not
only activates NKT cells but also induces phosphorylation of
CD1d, intracellular signaling, and the release of cytokines [rom
the C'D1d-bearing cell, Anti-CDld MAb 51 1 can be used for
CD1d cross-linking and represents an in vitro model for CD1d
ligation (11, 38). IL-10, but not tumor necrosis factor alpha or
IL-8, is induced by CD1d cross-linking in intestinal cpithelial
cells (11); 1L-12 is induced in peripheral blood monocytes and
immature DCs (38). 1L-15 is also produced by a variety of

mucoesal cpithelial cells that play important roles in mucosal
immunity to microbes, including intraepithelial lymphocytes

and NK and NKT cells (14, 15). To address the function of

CDI1d in reproductive tract mucosal epithelial cells, here we
investigated CDI1d ligation-induced autocrine cytokine pro-
duction from reproductive tract-derived epithelial cell lines.
First, penile urethral cells were exposed to an anti-CD1d MAb
(51.1) or to an isolype control MAb. Both exposures were
followed by exposure to a secondary anti-mouse 1gG antibody
cross-linker, and the cells were examined for 1L-10, 1L-12, and
I1L-15 production (Fig. 4). RT-PCR revealed that transcription
of both TL-12 (p35) and 1L-15 increased upon cross-linking;
IL-10 transeription did not (Fig. 4A). Increases in 1L-12 p35
occurred relatively rapidly, while those of TL-15 were compar-
atively delayed. To examine the autocrine production of 1L-12
and IL-15, protein secretion into the culture medium was as-
sessed by ELISA (Fig. 4B). 1L-12 p70 secretion peaked at 12 h
after cross-linking, while IL-15 secretion increased continu-
ously throughout the first 24 h after exposure. Allerations in

A '_" -
Hours after X-linking A f 1
0 6 12 18 24 60 1200 r »
s T To
=
Lo :-30' |
] ———— [ o
15
0
0 6 12 18 24 0 6 1218 A

Hours after X-linking

Hours afier X-linking

FIG. 4. Autvcrine cytokines production by CD 1 eross-linking in penile urethral epithelial cells. Ten micrograms per milliliter anti-CD1d MAb
(51.1) was added to a monolayer of epithelial cells and incubated for 1 h. After washing with PBS, 10 pg/ml goat anti-mouse Ig antibody was added
us u cross-linker for 30 min, The cells were incubated in serom-lree growth medium without any antibiotics for 0 to 24 h. (A) cDNA was produced
via RT of | g of total RNA extructed and amplified by PCR with primer paits for TL-10, TL-12 p35, TL 15, and GAPDH. PCR products were
separated over an ethidium bromide-containing agarose gel. (B) Aulocrine cyiokine secrelion from the epithelial cell al each lime point was
assessed by ELISA for IL-12 p70 and 1L-15. Mean values with standard deviations are presented, Astenisks indicate compansons (hefore versus

sfter cross-linking [X-limking]) with statistical signiticance (P =

0.05; n

4).
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FIG. 5. Quuntitative analysis of cylokine production sfter CD1d
cross-linking. CD1d cross-linking was performed as described in the
legend to Fig. 4. Anti-CD1d 51 1 («CD1d) and isotype-matched con-
trol (isotype) MAbs were uscd as primary antibodies for cross-linking.
Cells were harvesied i 0, 12, and 24 h after cross-linking. 1L-12 p33
(A) and 1L-15 (B) mRNA levels were unalyzed by quantitative RT-
PCR by SYBR green methodology. 1L-12 p35 and 1L-15 mRNA levels
were normalized to the B-actin mRNA level. Mean mRNA fevels and
standard deviations ure plotted against time. Asterisks indicate com-
parisons (isotype versus aCDI1d at each time point) with statistical
significance (P = 005, n = 6), Cx, cervix; Vg, vagina; Pu, penile
urethra

cytokine secretion patterns paralleled those seen at the mRNA
level. CD1d cross-linking appears to induce the production of
IL-12 and 1L-15 in penile urethral epithelial cells

Next, we quantitatively estimated the transcription of 11-12
and 1L-15 after CD1d cross-linking in the other avai
ganotypic reproductive tract epithelial cell types (Fig. 5).
Ouantitalive RT-PCR demonstrated that 11L-12 p35 mRNA
levels peaked rapidly 12 h after cross-linking in vaginal and
penile urethral cells (Fig. 5A). This induction was particularly
strong in vaginal cells and remained elevated for at least 24 h
IL-18 transcription rose, albeit less dramatically, from 12 to
24 h alter cross-linking in vaginal and penile urethral cells,
These alterations in 1L-12 and 1L-15 transcription were con-
sistent with the RT-PCR und ELISA data shown in Fig. 4,
Endocervical cells did not respond 1o MAb cross-linking (Fig
5). Taken wgether, our results demonstrate autocrine produc-
tion of 11.-12 and IL-15 by vaginal and penile urethral cells. an
effect that appears to he mediated through pathways involving
CDld.

thle or-
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F1G. 6. Abrogation of autocrine cytokine production via CDId in-
iracellular signaling. Penile urethral epithelial cells were infected
(CT+) with C. rachomatis serovar F (mubiplicity of infection = 1,
0% infection) and harvested at 24 h postinfection. Control cells
(CT—) remained wninfected. Therealier, antibody cross-linking with
the isatype-matched control (isotype) or 51.1 (aCDId) MAb was per-
formed as described in the legend 1o Fig 5. The cells were harvested
12 h after cross-linking. The levels of IL-12 p35 (A) and 1L-15
(B) mRNAs were anulyzed by quantitative RT.PUR and normalized 1o
B-actin, Mean values with standard deviations are presented. Asterisks
indicate comparisons (isotype versus aCD 1) with statistical sig
cance (P = 005 n = 4)

. trachomatis infection abrogates CD1d-mediated cytokine
production. We have previously demonstrated that CDId is
downregulated by C. rachomatis infection through cellular and
chlamydial degradation pathways (21). We therefore examined
whether CD1d-mediated cytokine production was abrogated in
C. machomatis-infected cells (Fig. 6). In this investigation, we
again used immortalized human penile urethral epithelial cells,
which represent the most commonly infected cell type in the
male reproductive tract. To our knowledge, there have been no
published reports on Ctrachomatis infection of human vaginal
cells, We have therefore limited our further experimentation
Lo those human cells known to be infected with this organism
that also express basal levels of CDId that allow for downregu
lation. Penile urethral epithelial cells were grown 1o a mono-
layer, infected with C, trachomatis, and cross-linked as de-
seribed previously. Uninfected cells were used as a control.
Quantitative RT-PCR revealed the typical increase in 1L-12
p35 transcription 12 h after CD1d cross-linking in uninfected
cells but no increase in C. trachomatis-infected cells (Fig. 6A)
A similar abrogation of the increase in IL-15 transcription was
also seen in cells infected with C. rachomans (Fig. 6B). These
differences in CD1d-mediated cytokine production between ¢
truchomatis-infected and noninfected cells were clearly signif-
icant (P - 00005 for 1L-12. P = 0.0084 for 1L-15). Note that
IL-12 has been reported to be increased in endocervical secre-
tions after C rachomatis infection (35), Indeed, a minimal
increase in the basal level of 1L-12 mRNA was observed in (
machomatis-infected cells in our experiments, although this
increase was nob statistically signilicant. In shorl, our resulls
mdicate that €. frachomatis interferes with CD1ld-medmied
cytokine production in infected epithelial cells from human
reproductive Iract mucosa.
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DISCUSSION

We have demonstrated in this study that human lower re-
productive tract epithelial cells possess surface-expressed
CD1d molecules and that they exhibit CD1d-mediated cyto-
kine production. CD1d is known to be expressed in DCs, mae-
rophages, B cells, and epithelial cells. 1t appears to serve as an
essential bridge between innate and adaptive immune re-
sponses within the local mucosa, the first responders to inva-
sion by microbes. As shown in our immunohistochemical
investigations, epithelial cells represent the primary CDId-
bearing cells within the lower reproductive tract mucosa in
humans. Expression at these sites varies, however, with strong
expression in the vagina, ectocervix, and penile urethra and
very low expression in the endocervix and endometrium. The
interaction of CDI1d with CD1d-restricted iINKT cells is lipid
antigen dependent. This lipid antigen can be derived from
invading microbes or possibly from host lipid antigens, Since
maost sexually transmitted microbes invade the epithelial cells
within the reproductive tract mucosa, these cells could be im-
portant in the presentation of pathogen-derived lipid antigens
via cell surface CDId molecules. This would be predicted to
activate CD1d-restricted iNKT cells and rapidly induce an
adaptive immune response to invading microbes.

Our immunochemical data demonstrated that squamous ep-
ithelial cells in basal and parabasal cell layers react strongly
with anti-CD1d MAbs, in patterns replicating those seen in
normal human skin (5). The distribution of CD1d-bearing ¢p-
ithelial cells within the basal and parabasal cell layers may be
required for effective interactions between CDI1d and the
iNKT cells that reside within submucosal tissues. These inter-
actions may occur primarily through CDI1d expressed on the
basal membrane. CD1d expression patterns in our model cell
lines were similar (o those of basal or parabasal cells in corre-
sponding normal tissues, Indeed, the immortalized cell lines
used in this study have been previously characterized by others
as being similar to epithelial cells present in basal or parabasal
cell Jayers in vivo (12). Fichorova et al. have established and
used an ectocervical epithelial cell line in several of their in-
vestigations. We were not able to examine this ectocervical cell
ling in our in vitro assays because of its slow growth charac-
teristics. Still, our immunohistochemical study demonstrated
that CD1d immunoreactivity and distribution patterns in the
ectocervix were similar to those in the penile urcthra and the
vaginia. We hypothesize that cctocervical cells may therelore
possess CD1d functions similar 1o those of the vaginal and
penile urethral cells studied here.

Like intestinal cpithelia, the endocervical epithelium con-
twins monolayers of glandular epithelial cells, However, we
show here that CD1d distribution in the endocervix is quite
distinet from that reported in the intestine. Previous studies
have demonstrated that CDId localizes to the apical and fat-
eral membranes of the small intestine and colon (31). By con-
trast, CD1d immunoreactivity in the endocervix was negligible
at apical and lateral membranes. Our fow cytometric and
RT-PCR analyscs confirmed that endocervieal epithelial cells
do not present CD1d molecules on the cell surface despite
CDId transcription. Canchis et al. have previously reported
that endometrial glandular cells also do not express CD1d (8).
4 result consistent with our immunohistochemical data, The

INFECT IMMs,

absence of cell surlace CD1d expression in the endocervical
and endometnal epithelia may make these sites vulnerable o
puthogen attack

Although [FN-y induced CD1d production at the mRNA
level in all of the reproductive tract epithelial cells studied, the
induction patterns of CD1d were quite distinet, depending on
cell wpes. Flow cytometry more clearly revealed the differ-
ences in CDId induction by IFN-y exposure. Cell surface ex-
pression of CD1d was induced markedly in vaginal cells and
minimally in penile urcthral cells and remained unchanged in
endocervical cells. The minimal increase in surface CDI1d ex-
pression in penile urethral cells may reflect the transient in-
duction in CD1d ranscription noted after IFN-y. In contrast,
the induction of both CD1d transcription and translation upon
IFN-y-exposure in vaginal cells appeared significantly more
prolonged.

Our investigations have also demonstrated that the human
reproductive tract epithelial cells expressing CDId on their
surfaces have the capacity to produce cytokines after CDId
ligation. Vaginal and penile urethral cells increase their pro-
duction of the Th! cytokines I1L-12 and 1L-15 (but not 1L-10)
in a CD1d-mediated fashion. Since the ectocerviy expressed
CD1d in a distribution similar to that in the vagina and penile
urethra, CD1d-bearing ectocervical epithelial cells may also
possess similar CD1d-mediunted eytokine production character-
istics. Colgan et al. have demonstrated that ami-CD1d 511
MAD cross-linking of CD1d expressed at the apical surface of
the plasma membrane induces 1L-10 in an intestinal epithelial
cancer cell line (T84 cells) (11), However, T84 cells are polar-
ized and are known to possess distinet biological plasma mem:-
brane characteristics between apical and basolateral sites (24).
As discussed in the Colgan report, it is unclear whether signal
transduction through basolateral CDI1d is the same as that
through apical CD1d. Although our CD1d cruss-linking exper-
iments used the same anti-CD1d MAb, CD1d ligation induced
not 1L-10 but 11.-12 and IL-15 production in reproductive tract
cpithelial cells. These cells, however, do not exhibit docu-
mented cell surface polarization. Yue et al. have also demon-
strited that CD1d cross-linking by several MAbs, including
511, induces 1L-12 in monocytes and immature DCs (38),
Thus, the nature of the cytokine production and signaling
induced by CD1d cross-linking may differ, depending on cell
type and/or cell surface polarization

1L-12 is a central mediator in both innate and adaptive
immunity and is cructal in the prevention of infectious discases
and tumors (34). 1112 induces IFN-y-producing NK, NKT. T
helper. and cytotoxic T eells and thereby bridges innate and
adaptive immune responses, Yue et al. have demonstrated that
CD1d cross-linking rapidly induces phosphorylation of kB
This. in turn, promotes NF-xB activation and IL-12 production
n monoeyles and immature DCs (38). Colgan et al. have
shown that CD1d cross-linking induces tyrosine phosphoryla-
tion ol the evioplasmic tail of CD1d in intestinal epithelial cells
(11), invoking a mechanism by which CD1d-bearing cells signal
downstream pathways that resull in eytokine modulation. Here
we show the rapid release of 1L-12 upon CD1d cross-linking in
reproductive tract epithelial cells

The activation of NF-kB is also associated with 1L-15 pro-
duction. NF-xB binding to the 1L [5 promoter region is essen-
tial for 1L-15 transcription (36). The activation of NF-«B up
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regulates the expression of tumor necrosis fuctor alpha, 1L-6,
11-12, 1L-15, and IL-18 (1), Our investigations demonstrate
thar CD1d ligation can induce 11L-15, as well as 11-12, produc-
tion. Like IL-12, IL-15 is released both from classical APCs
such as macrophages and DCs and from epithelial cells (25,
30). IL-15 is known to play a key role in mucosal immune
responses within the reproductive tract. Using an [L-15 knock-
out (KO) mouse model, Gill et al. demonstrated thay IL-15 is
required for the generation of both innate and adaptive im-
mune responses against transvaginal infection with HSV type 2
(HSV-2) (14). They reported that administration of recombi-
nant 1L-15 within the murine reproductive tract enables IL-15
KO mice to survive an otherwise lethal infection with HSV-2
und 1o generate specific adaptive immune responses 1o HSV-2
(15). Hirose et al. reported that IL-15 is synthesized by cpi-
thelial cells after bacterial infection of the intestinal mucosa,
Further, this response is accompanied by carly stimulation and
IFN-y production by intracpithelial lymphocytes (15). Taken
together, our data suggest that interaction of CD1d with cross-
linking receptors on iNKT cells can promote [L-12 and 1L-15
release from the CD1d-bearing epithelial cells in the human
reproductive tract mucosa, This may promote [FN-y produc-
tion by T helper, NK, and NKT cells and generate rapid innate
and adaptive immune responses. In addition, IFN-y derived
from resident mucosal lymphocytes will upregulate epithelial
cell CD1d expression in a paracrine fashion.

We have recently demonstrated that C. trachomatis down-
regulates the cell surface expression of CDId by both cellular
and chlamydial degradation pathways (21). Bilenki et al. have
demonstrated that activation of INKT cell by a-galactosylcer-
amide exacerbates host susceptibility to C, mundarum infec-
tion in the lung while NKT KO and CD1 KO mice acquire
increased resistance 1o the infection (3). In contrast, their
group has also revealed that NKT KO and CD1 KO mice
display increased susceptibility to pulmonary infection with
another chlamydial species, C. pneumoniae; w-galactosyleer-
amide treatment promotes resistance to this infection (19).
These divergent immune responses to wo distinet chlamydial
species are thought 1o be due 1w differences in the cytokine
profiles induced by activated iNKT cells (19). The production
of IFN-vy or 1L-4 by iNKT cells induces a Thl or Th2 adaptive
immune response, respectively, Since we here addressed
CD1d-mediated cytokine production derived from reproduc-
tive tract epithelial cells, the resulting polarization of INKT
cells in response 1o C. frachomatis remains unstudied. As
shown here, 11-12 and 1L-15 induction after CD1d cross-link-
ing is abrogated in the C. trachomatis-infected epithelial cell
while the baseline level of these cytokines remains stable. The
inhibition of CD1d-mediated cytokine production may be a
mechanism by which C. trachomatis-infected cells evade (at
least temporarily) the bridging of innate and adaptive immune
responses that would otherwise oceur upon the interaction of
CD1d and iNKT cells.

The human endocervix is one of the most common sites of
pathogen invasion in the humuan female reproductive tract,
acting as the primary transmission site for many microbes,
including HSV, cytomegalovirus, C. rrachomatis, and N. gon-
orrhovge (7, 22, 26), In contrast, the vaginal wall appears rel-
atively resistant to microbial passage. Previous studies hive
demonsirated that Toll-like receprors (TLRs). which serve as
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sentinels in pathogen recognition and help 1o generate host
innate immunity, are expressed differentially in distinct muco-
sal tissues of the female reproductive trasct. The immortalized
cervical and vaginal epithelial cell Tines used in this study ex-
press all TLRs, with the exception of TLR4 and -8 (17). Fi-
chorova et al. reported that the absence of TLR4 is associated
with susceptibility to N. gonorhocae in the endocervix (13).
COur data add a relative deficiency of surface-expressed CDId
to the immune characteristics of the human endocervical epi-
thelium, a quality that may add 1o its susceptibility 10 pathogen
invasion. In the male reproductive tract, the minimal induction
of surface CD1d by IFN-y in penile urethral cells may influ-
ence their susceptibility to many microbes, including C. tracho-
matis. CD1d expression and CD1d activation of neighboring
iNKT cells may play an important role in the generation of
innate and adaptive immune responses 1o microbial infection
of the penile urethra, vagina. and ectocervix. This may help 1o
explain the distinct differences in sexual pathogen susceptibility
among various sites within the human male and female repro-
ductive tracts.
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role in placental development during early h pregnancy. The local and regul. "‘[ial:uaal
CD1d expression remain unclear. Immomnochenm:yo(“ early gestational placentas

CD1d was present in villous and extravillous trophoblast (EVT) but not in syncytiotrophoblast or decidual

c‘g:‘:'* cells. CD1d immunoreactivity in EVT cells decreased with EVT differentiation. Flow cytometry of primary
Extravill . cul d human hoblast cells confirmed cell-surface expression of CD1d decreased with time in cul-
Pacenh < tmThm:hanpsh&ldapﬂwmut&kﬁdmﬂpﬂn&ﬁﬁ-ﬂlmﬁﬁmlkcw
TGF-p1 tured EVT cells accumulated with time in culture and directly supy d CD1d expression, as ed
Differentiation by monocional antibody neutralization of TGF-§1 effects. Thus, trophoblast differentiation is character-

ized by TGF-p1-mediated decreases in trophoblast cell CD1d expression. This effect may support appro-

priate activation of decidual INKT cells at the maternal-fetal interface.

© 2008 Elsevier Inc. All rights reserved.

Micro-immune responses at the human maternal-fetal interface
are required for maintenance of early pregnancy, including embryo
implantation and placental formation | 1-3]. Extravillous tropho-
blast (EVT) cells of the placenta have been shown to express the
MHC class I-like molecule CD1d |4]. Unlike MHC |, CD1d presents
self- or microbe-derived glycolipid rather than peptide and its
immune effectors are typically natural killer T (NKT) cells [S]. In
humans, a specific subset of NKT cells expresses an invariant
Va24)a18/VE11 TCR (iTCR) and can recognize CD1d on the surface
of APCs through this receptor. The activation of invariant NKT
(iNKT) cells is antigen dependent, but the antigen itself can be
derived from an invading microbe or possibly the host itself [6].
Recognition of CD1d by iNKT cells causes rapid release of IL-4
and IFN-y from the iNKT cell and thereby modulates the Th1/Th2
polarization of adaptive immune cells |5]. INKT cells also appear
to play an essential role in allograft tolerance |7,8].

At the maternal-fetal interface, decidual (maternal) CD1d-
restricted iNKT cells modulate the immune microenvironment
during normal placental formation |4]. Activation of iNKT cells
with a-galactosylceramide, a ligand for iTCR on CD1d-bearing cells,

. (w;.pvndlnl author. Fax: +81 3 3816 2017.
E-muail oddress: klawana-tky®umin ac jp (K. Kawana),

D006-291XS - see [ront matter © 2008 Elsevier Inc. All rights reserved.
doi: 10,1016/ bbre.2008.04.051

induces pregnancy loss in mice |9] although the gestational stage
of loss and the mechanisms involved vary by mouse strain [9.10].
iNKT cell-mediated early losses occur in all mice strains studied
but mid-gestation pregnancy loss exhibits strain-dependent varia-
tions [10],

Although the expression of CD1d has been reported in villous
trophablast from normal human placenta [4], the lack of a culture
system for villous trophoblast cells has hampered more detailed
descriptions of its expression pattern and regulation. Our primary
culture system for trophoblast cells isolated from normal placenta
during early pregnancy | 11] allows such experimentation.

Viewing the importance of iNKT cells in early pregnancy main-
tenance, we hypothesize that CD1d plays a role in the regulation of
iNKT cell function at the human maternal-fetal interface. Here, we
demonstrate the normal expression of human placental CD1d in
vivo to be isolated to trophoblast cells and to decrease with the le-
vel of trophoblast invasion into the maternal decidua. This change
in CD1d expression is mediated at the transcriptional level by TGF-
p1.

Materials and methods

Samples. All sample collections and experiments In this study were approved by
the Ethical Committee of the Medical Faculty, University of Tokyo.



