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 directly infect SGECs, a major cellular constituent of the salivary glands, and
Qhénge their characteristics to an inflammatory phenotype, triggering the

 development of SS.

In the present study we observed for the first time that HTLV-I appears to

o ;,~inféct SGECs, although the expression of HTLV-I-related protein was less than

- 10% among co-cultured SGECs. The migration of HTLV-I1 into SGECs was

suggested to induce functional alterations of SGECs, since some of the SGECs

became positive for nuclear NF-xB p65, which is known as a representative

traﬁscriptional factor activated by HTLV-1 (26). Accordingly, the production of
;k~s’§\‘7eral inflammatory cytokines and chemokines was increased during the
. co-culture of SGECs with HCT-5 cells in the present study. However, regarding
‘ "th'é,ab(k)ve alterations of SGECs, one or more pathways other than the direct
. ”i;lf;:kc’tion of HTLV-I in SGECs may be used, since a substantial population of
SGECS after co-culture was not stained by HTLV-I related proteins, HTLV-I
fp'r"(’)Viral DNA or nuclear NF-xB p65. Autocrine or paracrine interactions of
‘,CY{OkineS and chemokines might be involved in these processes, in which the
,c'y"c’okines and chemokines induce the production of the others (27). Alternatively,

‘transcriptional factors or activators other than NF-kB p65, such as cyclic AMP
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',J;f,response element-binding protein/activating transcription factor (CREB/ATF)

ank'dk; CREB-binding protein, which serves as a transcription activator, might be

_ essential (28, 29). Whether unique changes induced by HCT-5 are consequences

due to direct infection of HTLV-I toward SGECs or indirect effect of the

moiecules, produced by neighboring activated cells including HCT-5, is a crucial
1ssue In the co-culture, SGECs look like spindle-shaped and intensity of GAG
"'Staining is not as strong as that of HCT-5 cells observed in Fig. 1B, suggesting
v SGECS appear to be distinguishable from HCT-5. Some SGECs became double

 positive with GAG and inflammatory molecules in the co-culture (Fig. 5A at 96

) Since the co-culture of SGECs with non-HTLV-I infected T cell line Jurkat

d1d not induce the changes of expression of functional molecules as compared
w1th HCT~5, cell-free HTLV-I virions might conduce the changes of SGECs.
r Although no evidence of cell free transmission of HTLV-I toward any of
éﬁ#helial cells has been reported, HTLV-I virions have potential to infect
{*iriy:éloid and plasmacytoid dendritic cells (DCs) (30). Previous study also showed
‘:;;';,:,:;Einf:ércellular adhesion molecule-3-grabbing nonintegrin related to DCs plays an
important role in cell-free infection of HTLV-I toward DCs (31). Further studies

trying to show cell free infection of HTLV-I virions toward SGECs are needed in
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_ the future.

In addition to inflammatory cytokines and chemokines, pro-apoptotic
~ molecules as well as anti-apoptotic molecules were augmented in the SGECs
/ aﬁer co-culture with HCT-5 cells by comparison with co-culture with Jurkat in
- our study. However, we should also note that apoptosis dot array results might be

- influenced by the remaining HCT-5 cells during co-culture. As we demonstrated

' ‘in Fig. 2C, HCT-5 cells stick to SGECs during co-culture and approximately 5%
of HCT-5 cells still remained at 96h. The reason why HCT-5 cells remained in

~ co-cultured is speculated that these cells had migratory and adhesive capacity as
. wei previously reported that CD4-positive T cells derived from HAM patients

;'f,shéwed strong transmigrating activity (32).

; The increase in these molecules may be induced through the activation of
jfféﬁscfiptional factors including NF-xB p65 or the cytokines and chemokines
}V’prk"o!duced by SGECs themselves. It has been demonstrated that the expressions of

k both pro-apoptotic molecules and anti-apoptotic molecules are regulated by the
~,~,’ab;ck')ve mechanisms (33, 34). Increases in the expression of anti-apoptotic
: ij;mc’)klecules such as Bcl-2, HO-2 and HSP-27 might antagonize the

h apoptosis-inducing capacities of Fas and cytochrome C of SGECs, indicating that
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~ apoptosis does not occur in SGECs.

It is interesting to note that the HTLV-I infection of SGECs induces the

_niche of SS, since the expression pattern of cytokines, chemokines, pro-apoptotic

ﬁi&lecules, and anti-apoptotic molecules of SGECs co-cultured with HCT-5 cells

- in vitro resembles the pattern found iz vivo in the salivary glands of SS patients

e (35) However, it may be disputed whether the present in vitro results truly reflect

“in vivo observations of patients with anti-HTLV-I antibody-positive SS. In this
;egard, Ohyama et al. (36) reported that in LSGs froﬁ patients with HTLV-I
L ‘f:anfibody—positive SS, HTLV-I proviral DNA was observed not in acinar or ductal
’?Pfi‘ithelial cells of LSGs, but in the infiltrating T lymphocytes by in situ PCR

. hyBridization (36).

. It has become evident that CD4+ T cells infected by HTLV-I resemble
| FoxP3+ regulatory T cells (37). Regulatory T cells produce regulatory cytokines
e such as IL-10 and transforming growth factor (TGF)-1 (38), which might affect
E thé migration of HTLV-I into ductal epithelial cells in vivo. Further studies are

,nc'c"éssary to clarify the differences and similarities of the in vitro role of HTLV-I

i iknyfection and the in vivo role of HTLV-I infection observed in patients with SS.

In summary, we have shown the direct infection of HTLV-1 in human
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ey ~ptimary SGECs that induces the niche of the salivary glands of patients with SS.

‘_I;nffiladdition to the recent report from South Korea (24), our clinical and
‘e?ihist’ological examinations have also revealed the characteristics of anti-HTLV-I
k. ér’iﬁbody-positive SS patients, including the low rate of ectopic germinal center
~ formation in LSGs and parotid gland destruction (7, 8). Although we are not sure

. at present about the exact pathways in SS used by HTLV-I compared with SS that

develops in anti-HTLV-I antibody-negative subjects, the present study is the first

investigation in humans showing that HTLV-I infects into SGECs, impacting on

- inducing pathological condition of SS.
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IGURE LEGENDS

Flg 1. Characterization of HTLV-I-infected HCT-5 T cell line.

At After fixation in PBS containing 4% PFA at 4°C followed by immersion in
fé'fhanol at —20°C for 10 min, HCT-5 cells were reacted with primary antibodies
‘, ﬁfi-CD4, CD8, CD20, and mouse IgGl) followed by incubation with

“'FITiC-conjugated secondary antibody with Hoechst 33258 for counterstaining. B:

CT-5 for 0-96 h culture in keratinocyte-SFM were fixed and incubated with

ouse anti-HTLV-I (p19, p28, and GAG) antibody and rabbit anti-NF-kB p65
aqﬁbody and then reacted with FITC- and TRITC-conjugated secondary

 antibodies with Hoechst 33258 for counterstaining. Representative results of two

- “iﬁdépen,dent experiments with similar findings are shown.

F1g 2. Detection of HTLV-I-related molecules in co-cultured SGECs.

'iif',',?'A‘i:"k'After the SGECs co-cultured for 0-96 h were fixed in PBS containing 4%

PFA at 4°C followed by immersion in methanol at —20°C for 10 min,
, filﬁfﬁunoﬂuorescence was evaluated to detect the presence of HTLV-I proteins

(p19, p28, and GAG). The SGECs were initially incubated with anti-HTLV-I
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ntibody and NF-kB p65 followed by FITC- and TRITC-conjugated secondary

tibodies with Hoechst 33258 for counterstaining, respectively. In contrast to
creased expression of HTLV-I proteins without NF-kB translocation (96h-a),
franslocation of NF-xB is shown in a different view (96h-b). B:
g)f}é/-magniﬁcation view at 96 h co-culture of SGECs with HCT-5 cells. C: After

~ SGECs  co-cultured for 0-96 h were fixed and immersed,

* immunofluorescence was evaluated to show the presence of HTLV-I proteins

. (p19, p28, and GAG) and SGEC marker, cytokeratin 8/18. The SGECs were

itially incubated with anti-HTLV-I antibody and anti-cytokeratin 8/18 antibody

 followed by FITC- and TRITC-conjugated secondary antibodies with Hoechst

‘*332{‘58 for counterstaining, respectively. HTLV-I-infected SGECs were shown as
yéﬁow,staining; meanwhile HCT-5 cells were indicated as green signal in

- merged view. Representative results of three independent experiments are shown.

. 3. Detection of HTLV-I proviral DNA by ir situ PCR.
AFor the positive control, HCT-5 cells were used after treatment with 1 pg/mL
ofPK, and five cycles of in situ PCR were performed. B: The fixed SGECs were

N t'reajted with 1 pg/mL of PK, and five cycles of in situ PCR were then performed
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n the presence and absence of primers for HTLV-I pX region as reported by

Matsuoka et al. (17). Representative results of two independent experiments with

“similar findings are shown.

1g 4. Semiquantitative analyses of inflammation-related molecules in the

','p'{ernatant and apoptosis-related molecules in lysate during co-culture.
Aand C: Co-cultured supernatant was assayed with a human cytokine dot-blot

_array kit. Data at 0-96 h are shown as the semiquantitative concentration of each

iécule in culture medium (i.e., keratinocyte SFM) for SGECs after co-culture
h HCT-5 cells (A) or Jurkat (C). “HCT-5 only” and “Jurkat only” indicate the
, iiifure supernatant for HCT-5 and Jurkat, respectively. The expressions are noted
the kratio compared with control dot-blots. Representative results of two

- independent experiments with similar findings are shown.

and D: Co-cultured SGECs, HCT-5 lysate and Jurkat lysate was analyzed

. smg a human apoptosis dot-blot array kit. Data at 0-96 h co-cultured with

HCT—S (B) and Jurkat (D) are shown as semiquantitative concentrations of each

c;~;ﬁélecule in recovered SGECs lysate. “HCT-5 only” and “Jurkat only” indicate

data from HCT-5 cell lysate and Jurkat lysate, respectively. The expressions are
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sented as the ratio compared with control dot-blots. Representative results of

ndependent experiments with similar findings are shown.

Flg 5. Confirmation of the increase in the expression of

nflammation-related molecules in co-culture by immunofluorescence and

~ Aand B: The SGECs were co-cultured with HCT-5 (A) and Jurkat (B) for 96 h.

The SGECs at 0 and 96 h were fixed in PBS containing 4% PFA at 4°C, followed

y immersion in methanol at —20°C for 10 min, and then an immunofluorescence
néﬂysis was performed. The SGECs were incubated with anti-ICAM-1, CXCL-1,
RANTES, IL-8 and IP-10 antibodies followed by FITC- and TRITC-conjugated
sec%bndary antibodies with Hoechst 33258 for counterstaining. Representative
resultsof two independent experiments with similar findings are shown.

'”C_Q:;nd D: The SGECs were co-cultured with HCT-5 (C) and Jurkat (D) for 0-96
:;,eskfy'l“hen, ELISAs were performed using the co-cultured supernatant. The
aHCentrations of sSICAM-1, CXCL10/IP-10, CCR5/RANTES, CXCL1/GROu
and CXCLB/IL-8 were detected by ELISA. Samples were collected from three

independent patients, and the data shown are mean = SD. "p<0.05 and ~ p<0.01
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O h (Student’s #-test).

| 1g 6. Apoptosis of SGECs during co-culture with HCT-5 cells.

A?;nd B: The SGECs were co-cultured with HCT-5 (A) and Jurkat (B) for 96 h.
" 'ftér the SGECs at 0 and 96 h were fixed in PBS containing 4% PFA at 4°C
followed by immersion in methanol at —20°C for 10 min, an immunofluorescence
Zanailysis was performed to reveal apoptosis-related molecules. The SGECs were
T ingigbated with anti-Bcl-2, Fas, cytochrome C (Cyt C), HO-2 and HSP-27
ﬁbodies followed by FITC-conjugated secondary antibody with Hoechst 33258

k' fofibounterstaining. Representative results of two independent experiments with

~ similar findings are shown.

k'Ci‘gnd D: The SGECs were co-cultured with HCT-5 (C) and Jurkat (D) for 0-96

h The VESGECS at 0-96 h were fixed in PBS containing 4% PFA at 4°C followed
kk’:,_‘;k’:“g};ikimmersion in methanol at —20°C for 10 min, then analyzed for TUNEL
i stalmng with Hoechst 33258 for nuclear staining. The FITC-conjugated green
51gna1 suggested the presence of TUNEL-positive cells. Before the TUNEL assay,

~ observations in the bright field were also made. For the positive control (PC), the

SGECs were treated with TRAIL for 3 h as reported previously (15).
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