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Figure 1. Characterization of the human T lymphotropic virus type I (HTLV-I)-infected HCT-5 T cell line. A, Phenotype of HCT-5 cells. After
fixation in phosphate buffered saline containing 4% paraformaldehyde at 4°C followed by immersion in methanol at —20°C for 10 minutes, HCT-5
cells were incubated with primary antibodies (anti-CD4, anti-CD8, anti-CD20, and mouse IgG1 [mIgG1]) followed by fluorescein isothiocyanate
(FITC)-conjugated secondary antibody and Hoechst 33258 (for counterstaining). B, Viability of HCT-5 cells. HCT-5 cells cultured for 0-96 hours
in keratinocyte-serum-free medium were fixed and incubated with mouse anti-HTLV-I (p19, p28, and Gag) antibodies and rabbit anti-NF-«B p65
antibody and then incubated with FITC- and tetramethylrhodamine isothiocyanate—conjugated secondary antibodies and Hoechst 33258 (for
counterstaining). Arrowheads indicate HTLV-I-related proteins including p19, p28, and Gag; arrows indicate NF-«B p65 translocation. Results are

representative of 2 independent experiments with similar findings.

Cytokine detection in cocultured supernatant. A Pro-
teome Profiler Cytokine Array system was used according to
the manufacturer’s instructions (R&D Systems). Briefly, after
the membranes were blocked, diluted cocultured supernatant
was incubated with a cocktail of biotinylated antibodies for 1
hour. The mixture of cytokines, chemokines, and antibodies
was then incubated for 2 hours using this array system,
combined with an immobilized antibody on the membrane. For
the detection of cytokines and chemokines, chemiluminescent
reagents were used after incubation with streptavidin-
horseradish peroxidase (HRP).

Analysis of apoptosis in cocultured lysate. A Proteome
Profiler Apoptosis Antibody Array system was used to analyze
apoptosis pathways, according to the manufacturer’s instruc-
tions (R&D Systems). Briefly, diluted cocultured cellular
extracts were incubated on membranes for 2 hours after the
membranes were blocked for 1 hour. After a 2-hour incuba-
tion, a cocktail of biotinylated antibodies was added to the
membranes and incubated for 1 hour. Chemiluminescent
reagents were then used after incubation with streptavidin—
HRP for 30 minutes.

Cytokine and chemokine enzyme-linked immunosor-
bent assays (ELISAs). The levels of sSICAM-1, CXCL10/1P-10,
CCR5/RANTES, CXCL1/GRO«, and CXCLS/IL-8 (all
from R&D Systems) were measured by ELISA, according to
the manufacturer’s instructions. Briefly, the assigned vol-

ume of cell culture supernatant, standard, or control was
added to an ELISA well and incubated for the indicated
periods of time. After the wells were washed and decanted
3 times, each conjugate was added to a well and incubated
for 1 hour at 4°C. After the washing process, substrate
solution was added to each well and incubated for 15
minutes. After the addition of stop solution, optical density
at 450 nm was measured.

In situ PCR of HTLV-I proviral DNA in cocultured
SGECs. Initially, SGECs (alone or in coculture with HCT-5)
were fixed in 0.5 ml Carnoy’s fixative for 20 minutes at room
temperature, followed by washing with 0.5 ml 70% ethanol for
15 minutes at room temperature on type I collagen—coated
12-mm? coverslips. After treatment with prewarmed protein
kinase (1 ug/ml) at 37°C for 15 minutes and 3 washes with PBS,
the SGECs were fixed with 4% PFA/PBS for 5 minutes and
then were immersed in 50% formamide/2X saline-sodium
citrate buffer at 4°C overnight. After being washed with
deuterium-depleted water 3 times for 5 minutes each time, the
cells were mixed with an amplification cocktail that consisted
of a final concentration of 1X PCR buffer, 1 ug/ml forward
primer (5'-CGGATACCCAGTCTACGTGT-3'), 1 pg/ml re-
verse primer (5'-GAGCCGATAACGCGTCC-3") (17), 0.2 mM
dNTP, 2.5 mM MgCl,, 1 uM Cy3-dUTP, and distilled water
without DNA polymerase, and then boiled for 10 minutes.

Application of these primer sets was previously described
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Figure 2. Detection of HTLV-I-related molecules in cocultured salivary gland epithelial cells (SGECs). A, Presence of HTLV-I proteins (p19, p28,
and Gag), as determined by immunofluorescence analysis. SGECs cocultured for 0-96 hours were fixed in phosphate buffered saline containing 4%
paraformaldehyde at 4°C followed by immersion in methanol at —20°C for 10 minutes. The SGECs were initially incubated with anti-HTLV-I
antibody and NF-«B p65 followed by FITC- and tetramethylrhodamine isothiocyanate (TRITC)—conjugated secondary antibodies, respectively, and
Hoechst 33258 for counterstaining. To contrast the increased expression of HTLV-I proteins without NF-«B translocation (96h-a), translocation of
NF-«B is shown (96h-b). B, Low-magnification view of cocultured SGECs and HCT-5 cells at 96 hours, showing positive staining for HTLV-I in
~10% of SGECs. C, Frequency of HTLV-I-infected SGECs during 0-96-hour coculture, as determined by immunofluorescence analysis. SGECs
were initially incubated with anti-HTLV-I antibody and anticytokeratin 8/18 antibody (to distinguish HTLV-I-infected SGECs from HCT-5 cells)
followed by FITC- and TRITC-conjugated secondary antibodies, respectively, and Hoechst 33258 for counterstaining. In the merged view, yellow
indicates HTLV-I-infected SGECs, and green indicates HCT-5 cells. Results are representative of 3 independent experimeants. Insets in 4 and C
show representative cells in each panel. See Figure 1 for other definitions.

in a study by Matsuoka et al, in which the positions of the forward
and reverse primers were 7,358-7,377 and 7,516-7,494 of
the HTLV-I pX region, respectively (17). After KAPA2G
Fast DNA Polymerase complete amplification cocktail
(Kapa Biosystems) was added to the SGECs and they were
sealed with clear rubber covers, then the coverslips were
placed in a thermocycler for in situ PCR (Hybaid). The details
of the in situ PCR were as follows: each block was heated at 92°C
for 3 minutes, 5 PCR cycles were performed (92°C for 1 minute,
47°C for 1 minute, and 70°C for 2 minutes), and the block was

then held at 70°C for 5 minutes. The reacted coverslips were then
washed 4 times with 2X saline-sodium citrate at 37°C for 15
minutes, followed by 2 washes with 0.5X saline-sodium citrate at
45°C for 15 minutes. After the coverslips were reacted with PBS
once and covered with Vectashield mounting medium, SGECs
were visualized using fluorochrome with a BIOREVO BZ-9000
fluorescence microscope.

Statistical analysis. Differences in ELISA results were
analyzed using Student’s z-test. P values less than 0.05 were
considered significant.
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Figure 3. Detection of human T lymphotropic virus type I (HTLV-I) proviral DNA by in situ polymerase chain reaction (PCR). A, HTLV-I was
detected in HCT-5 cells as a positive control. HCT-5 cells were treated with 1 ug/ml of protein kinase, and 5 cycles of in situ PCR were performed.
Detected HTLV-I proviral DNA is shown as a granular pattern signal. B, Fixed salivary gland epithelial cells were treated with 1 ug/ml of protein
kinase, and 5 cycles of in situ PCR were then performed in the presence or absence of primers for the HTLV-I pX region. Detected signal is indicated
as the appearance of dots in the nucleus of salivary gland epithelial cells. Results are representative of 2 independent experiments with similar

findings. Insets show representative cells in each panel.

RESULTS

Phenotype and viability of HCT-5 cells. The
HCT-5 cells used for coculture with SGECs showed the
CD4+ phenotype (Figure 1A), with no staining for CDS§
or CD20. The HCT-5 cells cultured for 0-96 hours in
keratinocyte-SFM were viable, with translocation of
nuclear NF-«B into SGECs after coculture (Figure 1B).

Detection of HTLV-I-related proteins in SGECs
during coculture, After coculture of SGECs and HCT-5
cells, immunofluorescence analysis showed clear signals
for HTLV-I proteins p19, p28, and Gag at 72-96 hours
(Figure 2A). At 96 hours, ~10% of the SGECs cocul-
tured with HCT-5 cells showed HTLV-I-positive stain-
ing at low magnification (Figure 2B). Nuclear NF-«B

p65 was also detected in 10% of the SGECs after
coculture (Figures 2A and B). To distinguish HTLV-I-
infected SGECs from HCT-5 cells, SGECs were stained
with cytokeratin 8/18 antibodies (Figure 2C), which was
reported to be one of markers for SGECs (18). In
merged view (yellow signal), the mean = SEM fre-
quency of HTLV-I-infected SGECs was calculated as
7.8 = 1.3%, and the remaining HCT-5 cells (green
signal) were observed during coculture for 48-96 hours.

Detection of HTLV-I DNA in SGECs by in situ PCR.
To clarify whether HTLV-I infected SGECs during coculture
with HCT-5 cells and investigate the details, we determined
HTLV-I1 DNA expression. As a positive control, HTLV-I
proviral DNA was detected in HCT-5 cells (Figure 3A).
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Figure 4. Expression of inflammation-related molecules and apoptosis-related molecules. A and C, Expression of inflammation-related molecules
in supernatant of salivary gland epithelial cells (SGECs) cocultured with HCT-5 cells (A) or Jurkat cells (C). The semiquantitative concentrations
of each molecule in culture medium (i.e., keratinocyte~serum-free medium) after coculture with HCT-5 cells or Jurkat cells is shown. “HCT-5 only”
and Jurkat only” indicate the culture supernatant for HCT-5 cells and Jurkat cells, respectively. B and D, Expression of apoptosis-related molecules
in lysate of SGECs cocultured with HCT-5 cells (B) or Jurkat cells (D). The semiquantitative concentration of each molecule in recovered SGEC
lysate after coculture with HCT-5 cells or Jurkat cells is shown. Results are representative of 2 independent experiments with similar findings. PC =
positive control.

During coculture, amplified HTLV-1 DNA was observed As shown in Figures 4C and D, the expression of
in the nucleus of SGECs in the presence of primer at 48 IL-1Ra, MIF, and serpin E1 was increased after cocul-
hours of coculture with HCT-5 cells (Figure 3B). The ture of SGECs with Jurkat cells; however, the increase
strongest HTLV-I DNA signal was observed in the pres- was not time dependent (Figure 4C). In contrast to the
ence of primer at 72 hours of coculture. results of coculture of SGECs with HCT-5, expression of

Increased expression of inflammation-related other molecules including GM-CSF, CXCL1/GROaq,
molecules and apoptosis-related molecules in cocul- CCL1, sICAM-1, IL-6, IL-8, and CXCL10/IP-10 was not

tured SGECs. As shown in Figure 4A, the expression of increased following coculture of SGECs with Jurkat
GM-CSF, CXCL1/GROq, CCL1, sICAM-1, IL-1 recep- cells. The results of the apoptosis analysis using SGEC
tor antagonist (IL-1Ra), IL-6, IL-8, CXCL10/IP-10, lysate cocultured with Jurkat cells are shown in Figure
macrophage migration inhibitory factor (MIF), serpin 4D. Although expression of procaspase 3 and SMAC/
El, and CCR5/RANTES in cocultured HCT-5/SGEC Diablo was similar to that observed in HCT-5/SGEC

supernatant increased in a time-dependent manner. The coculture, expression of cytochrome ¢, Fas, Bcl-2, HO-2
results of apoptosis analysis using SGEC lysate cocul- and Hsp27 was not up-regulated after coculture of
tured with HCT-5 are shown in Figure 4B. The re- SGECs with Jurkat cells.

sponses of proapoptotic molecules including procaspase The data derived from analyses using a cytokine
3, cytochrome ¢, and Fas in the lysate were slightly array system and an apoptosis antibody array system
increased after coculture of SGECs with HCT-5 cells. were confirmed by immunofluorescence analysis and
The signals for antiapoptotic molecules including Bcl-2, ELISA. Immunofluorescence analysis showed increased

HO-2, Hsp27, or second mitochondria-derived activator cytoplasmic expression of ICAM-1, CXCL1, RANTES,
of caspases (SMAC)/Diablo were also up-regulated after IL-8, and IP-10 (Figure 5A), with augmentation of the
coculture. signals for HTLV-I p19, p28, and Gag in SGECs after
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Figure 5. Increased expression of inflammation-related molecules in coculture supernatant, as confirmed by immunofluorescence analysis and
enzyme-linked immunosorbent assay (ELISA). A and B, Expression of intercellular adhesion molecule 1 (ICAM-1), CXCL-1, RANTES,
interleukin-8 (IL-8), and interferon-y-inducible 10-kd protein (IP-10) in salivary gland epithelial cells (SGECs) cocultured with HCT-5 cells (A) or
Jurkat cells (B), as determined by immunofluorescence analysis. The third rows in each panel show merged views. Yellow signal indicates
coexpression of signal from top and middle rows. Results are representative of 2 independent experiments with similar findings. GAG = human T
lymphotropic virus type I-related proteins pl9, p28, and Gag. C and D, Concentrations of soluble ICAM-1 (sSICAM-1), CXCL1/GRO«q,
CCR5/RANTES, CXCLS8/interleukin-8 (IL-8) and CXCL10/IP-10, in supernatant of SGECs cocultured with HCT-5 cells (C) or Jurket cells (D), as
determined by ELISA. Values are the mean * SD (n = 3 samples). * = P < 0.05; =+ = P < 0.01 versus 0 hour, by Student’s t-test.

96-hour coculture with HCT-5 cells. However, the ex-
pression of ICAM-1, CXCL1, RANTES, IL-8, and IP-10
was not increased when SGECs were cocultured with
Jurkat cells (Figure 5B). Accordingly, significant in-
creases in the expression of sSICAM-1, RANTES, and
IP-10 in the cocultured supernatant were confirmed by
ELISA (Figure 5C). In SGEC/Jurkat cell coculture
supernatant, however, no significant increase in
sICAM-1, RANTES, and IP-10 expression was observed
(Figure 5D). Furthermore, these molecules as well as
IL-8 were scarcely detectable in SGEC/Jurkat cell cocul-
ture supernatant. The results of immunofluorescence

analysis of apoptosis-related molecules also showed that
the membranous expression of Fas on SGECs as well as
the cytoplasmic expression of Bcl-2, cytochrome c,
HO-2, and Hsp27 were up-regulated after 96-hour co-
culture with HCT-5 (Figure 6A). Compared with the
results for HCT-5/SGEC coculture, no increase in
apoptosis-related molecules was observed on SGECs
cocultured with Jurkat cells (Figure 6B).

No detection of apoptosis of cocultured SGECs.
We previously reported that cultured SGECs are com-
mitted to apoptosis by several stimuli (15,16). Because in
the present study the expression of proapoptotic mole-
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Figure 6. Expression of apoptosis-related molecules in cocultured salivary gland epithelial cells (SGECs). A and B, Expression of Bcl-2, Fas,
cytochrome ¢ (Cyt C), heme oxygenase 2 (HO-2), and Hsp27 in supernatant of SGECs cocultured with HCT-5 cells (A) or Jurkat cells (B), as
determined by immunofluorescence analysis. C and D, Apoptosis of SGECs as evaluated by TUNEL staining. SGECs were cocultured with HCT-5
cells (C) or Jurkat cells (D) for 0-96 hours, followed by fixation in phosphate buffered saline containing 4% paraformaldehyde at 4°C and immersion
in methanol at —20°C for 10 minutes, and were analyzed for TUNEL staining; Hoechst 33258 was used for nuclear staining. The fluorescein
isothiocyanate~conjugated green signal indicates the presence of TUNEL-positive cells. As a positive control (PC), the SGECs were treated with
TRAIL for 3 hours. Results are representative of 2 independent experiments with similar findings.

cules was increased by coculture with HCT-5 cells, it
could be speculated that coculture with HCT-5 cells
might induce apoptosis of SGECs. As we showed previ-
ously, the number of TUNEL-positive cells was clearly
increased in SGECs stimulated with TRAIL (Figure
6C). In contrast, during 0-96-hour coculture, no
TUNEL-positive staining was observed in SGECs cocul-
tured with HCT-5 cells (Figure 6C). In addition, no
obvious morphologic change was observed on brightfield
views during coculture. Similarly, no TUNEL-positive
staining was observed in SGECs during 0-96-hour co-
culture with Jurkat cells (Figure 6D).

DISCUSSION

With regard to the relationship between primary
SS and retrovirus, Talal et al first reported that serum -

antibodies against human immunodeficiency virus 1
were detected in 30% of sera from patients with primary
SS (19), and the presence of retroviral particles was
observed in salivary gland tissue from patients with SS
(20). Retroviral particles were also observed in the LSGs
of patients with SS (21).

Regarding HTLV-I infection in patients with
primary SS, Mariette et al reported the presence of
the HTLV-I tax gene in the LSGs of patients with
primary SS; however, the LSGs of patients with other
inflammatory diseases also contained this gene, sug-
gesting that the HTLV-I tax gene contributes to the
development of chronic inflammatory diseases includ-
ing primary SS (22,23). In addition, Green et al
reported that HTLV-I Tax-transgenic mice exhibited
exocrinopathy involving the salivary glands, and Tax
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protein was detected in their salivary glands and
muscle specimens (24).

A recent study showed that HTLV-I p19 or Tax
protein was expressed in 42.4% of LSG samples from
patients with SS, and the clinical characteristics of these
SS patients (including low levels of complement and
high lymphocyte counts) were identified (25). Consider-
ing the accumulating evidence of a relationship between
HTLV-I and SS, we speculate that HTLV-I may directly
infect SGECs, a major cellular constituent of the salivary
glands, and change their characteristics to an inflamma-
tory phenotype, triggering the development of SS.

In the present study, we observed for the first
time that HTLV-I appears to infect SGECs, although
the expression of HTLV-I-related protein was <10%
among cocultured SGECs. The migration of HTLV-I
into SGECs was suggested to induce functional altera-
tions of SGECs, because some of the SGECs became
positive for nuclear NF-«B p65, which is a transcription
factor known to be activated by HTLV-I (26). Accord-
ingly, the production of several inflammatory cytokines
and chemokines increased during coculture of SGECs
with HCT-5 cells in the current study. However, one or
more pathways other than direct infection of SGECs by
HTLV-I may be used, because a substantial population
of SGECs showed no staining for HTLV-I-related pro-
teins, HTLV-I proviral DNA, or nuclear NF-«B p65
after coculture. Autocrine or paracrine interactions of
cytokines and chemokines might be involved in these
processes, in which cytokines and chemokines induce the
production reciprocally (27).

Alternatively, transcription factors or activators
other than NF-«B p65, such as CREB/activating tran-
scription factor and CREB-binding protein, which serves
as a transcription activator, might be essential (28,29).
Whether unique changes induced by HCT-5 are conse-
quences attributable to direct infection of SGECs by
HTLV-I or are an indirect effect of the molecules
produced by neighboring activated cells (including
HCT-5) is a crucial issue. In coculture, SGECs are
spindle-shaped, and the intensity of Gag staining is not
as strong as that in HCT-5 cells, suggesting that SGECs
are distinguishable from HCT-5 cells. Some SGECs
became double positive with Gag and inflammatory
molecules in the coculture (Figure 5A). Because cocul-
ture of SGECs with the non-HTLV-I-infected T cell
line Jurkat did not induce changes in the expression of
functional molecules, cell-free HTLV-I virions might
contribute to the changes in SGECs. Although no
evidence of cell-free transmission of HTLV-I to any
epithelial cells has been reported, HTLV-I virions have

NAKAMURA ET AL

the potential to infect myeloid and plasmacytoid den-
dritic cells (DCs) (30). A previous study also showed that
DC-SIGN plays an important role in cell-free HTLV-I
infection of DCs (31). Further studies investigating
cell-free infection of SGECs by HTLV-I virions are
needed in the future.

In the current study, in addition to inflammatory
cytokines and chemokines, both proapoptotic and anti-
apoptotic molecules were augmented in SGECs after
coculture with HCT-5 cells compared with coculture
with Jurkat cells. However, we should also note that the
results of the apoptosis analysis might be influenced by
the remaining HCT-5 cells during coculture. As shown
in Figure 2C, HCT-5 cells attached to SGECs during
coculture, and ~5% of HCT-5 cells still remained at 96
hours. It is possible that HCT-5 cells remained in
coculture because these cells had migratory and adhe-
sive capacity; we previously reported that CD4+ T cells
derived from patients with HAM showed strong trans-
migrating activity (32).

The increased expression of these molecules may
be induced via activation of transcription factors includ-
ing NF-«kB p65 or by the cytokines and chemokines
produced by SGECs themselves. It has been demon-
strated that the expression of both proapoptotic mole-
cules and antiapoptotic molecules is regulated by the
mechanisms described above (33,34). Increases in the
expression of antiapoptotic molecules such as Bcl-2,
HO-2, and Hsp27 might antagonize the apoptosis-
inducing capacities of Fas and cytochrome ¢ in SGECs,
indicating that apoptosis does not occur in SGECs.

It is interesting to note that HTLV-I infection of
SGECs induces the niche of SS, because the expression
pattern of cytokines, chemokines, proapoptotic mole-
cules, and antiapoptotic molecules of SGECs cocultured
with HCT-5 cells in vitro resembles the pattern observed
in vivo in the salivary glands of SS patients (35).
However, it is debatable whether the present in vitro
results truly reflect in vivo observations in patients with
anti-HTLV-1 antibody-positive SS. In this regard,
Ohyama et al reported that HTLV-I proviral DNA was
not present in either acinar cells or ductal epithelial cells
in the LSGs of patients with HTLV-I antibody—positive
SS but was observed in the infiltrating T lymphocytes, as
demonstrated by in situ PCR (36).

It has become evident that CD4+ T cells infected
by HTLV-I resemble FoxP3+ Treg cells (37). Regula-
tory T cells produce regulatory cytokines such as IL-10
and transforming growth factor B (38), which might
affect the migration of HTLV-I into ductal epithelial
cells in vivo. Further studies are necessary to clarify the
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differences and similarities of the in vitro role of
HTLV-I infection in patients with SS.

In summary, we have shown that direct infection
of human primary SGECs by HTLV-I induces the niche
of the salivary glands in patients with SS. Our clinical
and histologic examinations also revealed the character-
istics of anti-HTLV-I antibody—positive SS patients,
including the low rate of ectopic GC formation in LSGs
and parotid gland destruction (7,8). Although the exact
pathways used by HTLV-I in SS remain unclear, this
study is the first investigation in humans showing that
HTLV-I infects SGECs and thus has an impact on the
induction of SS.
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Abstract

Objectives. To assess changes in salivary epidermal growth factor (EGF) levels within three years
and investigate the correlation between these changes and the severity of intraoral manifesta-
tions in patients with Sjégren’s syndrome (SS).

Methods. Twenty-three SS patients (14 primary SS and 9 secondary SS) and 14 controls were fol-
lowed up for three years. Salivary EGF concentration was measured using an enzyme-linked im-
munosorbent assay, and intraoral manifestations were evaluated using a short version of the Oral
Health Impact Profile (OHIP-14). Changes in salivary flow rate, EGF level, and severity of intraoral
manifestations were analyzed, along with associations among them.

Results. The OHIP-14 score significantly increased and the total salivary EGF output significantly
decreased after three years in the SS group (10.2 £ 8.8 vs. 12.6 = 9.2, p = 0.040; 10158.4 = 9820.9
vs. 8352.8 = 7813.3 pg/10 min, p = 0.032), though the salivary flow rate did not change. The de-
crease in total EGF output was especially high in patients with long disease duration and poor
oral health-related quality of life (OHRQoL). In patients with poor OHRQoL, the change in to-
tal EGF output significantly correlated with the OHIP-14 score (r= — 0.847, p = 0.008). However,
there was no correlation between the change in salivary flow rate and the OHIP-14 score.
Conclusions. The rapid decrease in salivary EGF level contributes to the progression of intraoral
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manifestations of SS.

Introduction

Sjogren’s syndrome (SS) is a chronic inflammatory autoimmune
disease characterized by lymphocytic infiltration of the exocrine
glands, especially the salivary and lacrimal glands. As a result of
salivary gland dysfunction, most patients with SS have xerostomia
caused by a reduced salivary flow rate. In addition to discomfort,
xerostomia can cause various intraoral manifestations, for example,
dental caries and oral mucosal involvements, such as refractory
stomatitis, oral ulcer, and atrophic changes in the oral mucosa and
lingual papilla. In the chronic form, these involvements can severely
impair the patients’ quality of life (QoL) severely [1]. The intraoral
manifestations in SS patients are believed to be caused mainly by
the decreased clearance in the oral cavity owing to hyposalivation.
However, since saliva has several beneficial physiological effects
on the environment inside the oral cavity, such as lubrication,
maintenance of mucosal integrity, and antimicrobial activity [2],
qualitative changes in its composition should also be considered
a cause of the refractory intraoral manifestations in SS.
Epidermal growth factor (EGF), which accelerates incisor erup-
tion and eyelid opening in newborn animals, was first isolated from
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mouse submandibular glands [3]. EGF is a polypeptide comprising
53 amino acids (molecular weight, 6.045 kDa) that promotes the
growth of various tissues in several species [4]. In humans, EGF
is produced by the salivary glands and duodenal Brunner’s glands
[5], and the main source of EGF in the oral cavity is the parotid
glands [4,6]. However, salivary EGF has been found to be secreted
not only from the parotid and submandibular glands but also from
the sublingual or minor salivary gland [4,6,7]. EGF binding to
the EGF receptor (EGFR) stimulates the activity of intracellular
kinase cascades, producing signals that consequently alter gene
regulation, which leads to cell proliferation and anti-apoptogenic
survival [8,9]. Salivary EGF is considered an important cytopro-
tective factor against injuries, and it contributes to wound healing
and maintenance of mucosal integrity in the oral cavity [10,11] and
gastrointestinal tract [12]. Several studies have found that salivary
EGF levels are significantly decreased in patients with intraoral
inflammatory lesions, such as stomatitis aphthous [4,13] and
peritonsillar abscess [4]. In addition, patients with oral mucositis
induced by radiation therapy for head and neck carcinoma were
also found to have markedly low salivary EGF levels [14,15].
These findings suggested that low salivary EGF levels reduce the
capacity of the oral mucosa to heal after injury and maintain its
physiological integrity.

Although salivary EGF levels in SS patients have not been thor-
oughly investigated, we previously reported that the salivary flow
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rate and EGF levels decreased with the progression of SS, and this
deterioration in saliva quality as well as hyposalivation could play
a role in the pathogenesis of refractory intraoral manifestations in
SS patients [16]. The objective of the present study was to evalu-
ate changes in salivary EGF levels in the course of three years in
the same SS patients and to assess the association between these
changes and the severity of intraoral manifestations in SS.

Materials and methods
Patients

Twenty-three patients with SS and fourteen individuals without
SS serving as controls (non-SS group) who participated in our
previous study [16] and were subsequently followed up for three
years at the Division of Rheumatology, Hyogo College of Medi-
cine Hospital, were enrolled in this study. Of these, 14 had primary
SS and 9 had secondary SS (comorbidities: rheumatoid arthritis
[RA; n= 3], systemic lupus erythematosus [SLE; n = 3], systemic
sclerosis [# = 2], and mixed connective tissue disease [n = 1]). All
the patients fulfilled the American-European Consensus Group
classification criteria for SS [17]. No significant differences were
observed in age and sex between the primary SS group (mean age,
61.4 = 13.7 years [range, 38-83 years], 12 women and 2 men)
and the secondary SS group (56.4=*11.0 years [38-68 years],
9 women) (p=0.185 and p=0.502, respectively). The non-
SS group consisted of patients with RA (n=6), polymyalgia
rheumatica (n = 2), dermatomyositis (n=1), bronchial asthma
(n=1), SLE (n=1), adult-onset Still’s disease (n = 1), relapsing
polychondritis (n = 1), and SAPHO or synovitis, acne, pustulosis,
hyperostosis, and osteitis syndrome (n = 1). The exclusion criteria
related to factors that affect the intraoral environment or saliva
secretion and salivary EGF level were as follows: current smok-
ing; chronic alcohol use; ongoing dental treatment; recurrent oral
mucositis due to conditions other than SS; treatment with anti-
Parkinsonism drugs or psychiatric drugs such as antidepressants,
anti-anxiety agents, and antipsychotic agents; severe diabetes
mellitus; severe reflux esophagitis; history of head and neck car-
cinoma; previous radiation therapy of the head and neck region;
and previous chemotherapy for cancer. This study was approved
by the ethics committee of Hyogo College of Medicine, and all
subjects provided written informed consent for participation in
this study.

Saliva collection

Whole stimulated saliva was obtained in the same manner as in
our previous study [16]. In particular, the subjects chewed gum
(Free Zone Gum Hi-Mint®; Lotte, Tokyo, Japan) for 10 min, and
expectorated saliva was collected into graduated centrifuge tubes.
All samples were collected in a similar way around the same time
before breakfast in the morning, with fasting, because salivary
EGF concentrations show apparent changes related to food intake
[4]. The final saliva volume was measured, and the samples were
then centrifuged at 3000 rpm for 10 min. The supernatants were
stored at —80°C until being used in the assay.

Quantification of salivary EGF

Just before the EGF measurement, the saliva was thawed and cen-
trifuged for 10 min at 3000 rpm at 4°C. Salivary EGF levels were
measured using a commercial enzyme-linked immunosorbent
assay (ELISA) kit (Quantikine®; R&D System, Minneapolis, MN,
USA) according to the manufacturer’s instructions. Each sample
was assayed in duplicates. EGF concentrations were measured by
determining the optical density of the sample against a standard
curve. Total salivary EGF output (pg/10 min) was calculated by
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multiplying salivary EGF concentration (pg/ml) by saliva volume
(ml/10 min) [15].

Assessment of intraoral manifestations

At the time of saliva collection, subjective intraoral manifestations
were assessed by means of the short Japanese version of the Oral
Health Impact Profile (OHIP-14), a self-administered question-
naire, as described in our previous study [16]. The OHIP is one of
the most widely used instruments to measure oral health-related
QoL (OHRQoL), and its translated Japanese version (OHIP-J) has
good reliability and validity [18,19]. However, since the original
OHIP [20] contains 49 items, clinicians may be reluctant to use
it in daily clinical practice. This led to the development of the
shorter version OHIP-14, which has only 14 questions designed
to measure the frequency of problems associated with the teeth,
mouth, or dentures. The questions assess seven aspects: functional
limitation, physical pain, psychological discomfort, physical dis-
ability, psychological disability, social disability, and handicap.
OHIP-14 has been shown to retain good reliability and validity
[21]. The answers to the questions were given using a five-point
scale ranging from 0 to 4 (0, never; 1, hardly ever; 2, occasionally;
3, fairly often; and 4, very often). The unweighted scores were then
combined to obtain a single summary score with a possible range
of 0-56, with a higher score indicating more frequent problems,
that is, poorer OHRQoL. It has been demonstrated by Stewart et al.
that in SS patients lower salivary flow rates are significantly asso-
ciated with poorer oral health as determined using the OHIP-14
summary score [1].

Statistical analysis

Results are expressed as mean = standard deviation (SD). The
Mann-Whitney U test, chi-square test, or Fisher’s exact test was
used, as appropriate, to compare differences between the SS group
and the control group. The Wilcoxon signed-rank test, chi-square
test, or Fisher’s exact test was used, as appropriate, to evaluate
changes between the results of the initial evaluation performed in
our previous study [16] and the reevaluation three years later. The
correlations were examined using the Spearman’s rank correlation
coefficient. A value of p <<0.05 was considered to indicate statisti-
cal significance.

Results

Comparison of the clinical data obtained
at baseline and reevaluation

The characteristics of the study groups are presented in Table 1.
No significant differences in age and sex were observed between
the SS and the non-SS groups. The mean SS disease duration at
baseline (initial evaluation) was 5.5 years.

SS group (Table 2a)

There were no significant differences in the number of patients
treated with muscarinic M3 receptor agonists (pilocarpine or
cevimeline), corticosteroids, or immunosuppressants (e.g., tac-
rolimus, methotrexate, and mycophenolate mofetil) between
baseline and reevaluation. The dose of the corticosteroid did
not appreciably change within three years (prednisolone (PSL):
3—12.5 mg/day vs. 1 —12.5 mg/day at the starting and reevalu-
ation points, respectively). The OHIP-14 score at reevalua-
tion (12.6 +9.2) was significantly higher than that at baseline
(10.2 £ 8.8) (p =0.040), indicating a significant exacerbation of
the OHRQoL. No significant difference was observed in the sali-
vary flow rate at baseline (8.1 = 5.3 ml/10 min) and reevaluation
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Table 1. Clinical characteristics of the study groups.

Mod Rheumatol, 2015; 25(6): 876-882

SS* (N=123) Non-SS (N = 14) p value
Age (years) (range) 59.5+12.7 (38-83) 59.9+15.2 (33-81) 0.468
Sex (male/female, number) 2/21 4/10 0.258
Disease duration® (years) (range) 5.5+39(0.2-11; N=13) - -
Dry eye symptoms (number [%]) 20 (87) 0(0) <0.0001
Xerostomia symptoms (number {%]) 21 (91) 2(14) <0.0001
Anti-SS-A antibody (number [%]) 21 (91) 0(0) <0.0001
Anti-SS-B antibody (number [%]) 5(22) 0(0) 0.135

4Sjogren’s syndrome.

bDisease duration was measured at baseline (initial evaluation).

(7.4 = 5.1 ml/10 min) (p = 0.149). However, the total salivary EGF
output at reevaluation (8352.8 =7813.3 pg/10 min) was signifi-
cantly lower than that at baseline (10158.4 = 9820.9 pg/10 min)
(p=0.032) (Table 2a). There were no significant differences
in changes in the OHIP-14 score, salivary flow rate, and total
salivary EGF output between primary SS patients (2.3 *6.3
mi/10min, — 0.3 == 3.1 ml/10min,and —273.4 + 2747.8 pg/10 min,
respectively) and secondary SS patients (2.4 =5.2 ml/10 min,
—1.2 3.0 ml/10 min, and —2633.4 * 4540.4 pg/10 min, respec-
tively) (p=0.479, p=0.256, and p=0.189, respectively).
In addition, treatment with muscarinic M3 receptor agonists,
corticosteroids, or immunosuppressants did not positively
affect the OHRQoL, salivary flow rate, and total salivary
EGF output. No significant differences were observed in
changes in the OHIP-14 score, salivary flow rate, and total
salivary EGF output between muscarinic M3-receptor-agonists-
treated patients (2.7 6.1 ml/10 min, —0.9 = 1.5 ml/10 min,
and —1936.2 = 3381.8 pg/10min, respectively) and untreated
patients (1.8%£53 mi/10 min, —03*4.6 ml/10 min,
and —1602.5 =3935.8 pg/10 min, respectively) (p=0.357,
p=0.336,and p = 0.415, respectively), or between corticosteroids
or immunosuppressants-treated patients (1.9 +6.6 ml/10 min,
—=0.63.0 ml/10 min, and—1009.9+3082.1 pg/10 min,
respectively) and untreated patients (2.6*54 ml/10 min,
—0.7 £3.1 ml/10 min, and —2230.0 = 3769.7 pg/10 min, respec-
tively) (p = 0.385, p = 0.455, and p = 0.221, respectively).

Non-SS group (Table 2b)

None of the patients in the non-SS group received muscarinic M3
receptor agonists, while all of them were administered corticoster-
oids or immunosuppressants (e.g., methotrexate and etanercept)
both at baseline and reevaluation. The dose of PSL did not change
substantially within three years (2 — 10 mg/day vs. 0.5 — 8 mg/day at
baseline and reevaluation, respectively). No significant differences

were observed in the OHIP-14 score, salivary flow rate, and total
salivary EGF output at baseline(9.1 = 6.8 ml/10 min, 16.8 £ 6.7
ml/10 min, and 13623.1 +9546.2 pg/10 min, respectively) and
reevaluation (10.7 +9.4 ml/10 min, 16.7 £ 6.0 ml/10 min, and
11904.9 = 6995.4 pg/10 min, respectively) (p =0.169, p =0.628,
and p = 0.184, respectively)(Table 2b).

Changes in salivary flow rate and total EGF output according to
disease duration and OHRQoL

The clinical background varied widely among the SS patients.
Therefore, the SS group was subdivided into two groups depend-
ing on two clinical factors.

Disease duration

The SS group was divided into the subgroups with short and long
disease duration. The cut-off level was provisionally set at 5 years at
the starting point based on the mean disease duration in the entire SS
group (=5 years: short duration group [# = 7; mean disease duration,
2.1 *1.1 years]; =6 years: long duration group [n=6; 9.3+ 1.5
years]). In the short duration group, no significant differences were
observed in the salivary flow rate and total salivary EGF output
between baseline (10.5=7.0 mI/10 min and 15646.9 = 12986.2
pg/10 min, respectively) and reevaluation (9.4 = 5.4 m1/10 min and
13187.6 =9902.1 pg/10 min, respectively) (Figure 1a). In contrast,
although the salivary flow rate did not differ significantly at baseline
(3.6 = 1.4 ml/10 min) and reevaluation (3.3 = 1.6 ml/10 min) in the
long duration group, the total salivary EGF output at reevaluation
(1640.9 = 1774.8 pg/10 min) was significantly lower than that at
baseline (3652.4 =4211.2 pg/10 min) (p <0.05) (Figure 1b).

OHRQoL

The SS group was subdivided on the basis of the magnitude
of changes in the OHIP-14 scores after three years into the

Table 2. Clinical characteristics at the initial evaluation and reevaluation three years later.

Baseline (initial evaluation) 3 years later (reevaluation) p value
a. SS* group (N =23)
Muscarinic M3 receptor agonist (number [%]) 12 (52) 14 (61) 0.766
Corticosteroid or immunosuppressant (number [%]) 6 (26) 8 (35) 0.749
OHIP-14® score (out of 56) (range) 10.2 8.8 (0-39; N=122) 12.6 9.2 (0-32; N=22) 0.040
Salivary flow rate (ml/10 min) (range) 8.1+53(1.0-21.4) 7.4+5.1(1.4-18.2) 0.149
Total salivary EGF® output (pg/10 min) (range) 10158.4 =9820.9 (378.3-34623.1) 8352.8 =7813.3 (204.7-26360.1) 0.032
b. Non-SS group (N = 14)
Muscarinic M3 receptor agonist (number [%]) 0@ 0(0) 1
Corticosteroid or immunosuppressant (number [%]) 14 (100) 14 (100) !
OHIP-14® score (out of 56) (range) 9.1+6.8 (0-17) 10.7 =9.4 (0-28) 0.169
Salivary flow rate (ml/10 min) (range) 16.8 +6.7 (9.7-35.3) 16.7 +6.0 (6.7-28.4) 0.628
Total salivary EGF® output (pg/10 min) (range) 13623.1 9546.2 (2632.3-29996.5) 11904.9 = 6995 .4 (4625.8-31337.3) 0.184

aSjogren’s syndrome.
bshort version of the Oral Health Impact Profile.
“epidermal growth factor.
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Figure 1. Changes in the salivary flow
rate and total salivary EGF output
according to the disease duration.

(a) The group with short duration of
SS (disease duration <5 years, n="T7).
(b) The group with long duration of
SS (=6 years, n=6). (1) Changes

in the salivary flow rate. (2) Changes
in the total salivary EGF output.
Statistical analysis was performed

by the Wilcoxon signed-rank test.

*p < 0.05; n.s., not significant.
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non-exacerbation group (the score decreased or was unchanged in
three years; n = 8) and the exacerbation group (the score increased
in three years; n = 14). No significant difference in age was observed
between the non-exacerbation (56.1 = 14.4 years) and exacerbation
(61.5*12.2 years) groups (p=0.181). In the non-exacerbation
group, the salivary flow rate and the total salivary EGF output
did not significantly differ at baseline (9.0 %+ 6.3 ml/10 min and
12448.0 = 12727.1 pg/10 min, respectively) and reevaluation point
(9.0=5.9 ml/10 min and 10310.9 =9565.9 pg/10 min, respec-
tively) (Figure 2a). In contrast, in the exacerbation group, both the
salivary flow rate and the total salivary EGF output at reevalua-
tion point (6.8 =4.6 ml/10 min and 7724.2 +6901.4 pg/10 min,
respectively) were significantly reduced compared with that at the
initial value (8.0 = 4.6 ml/10 min and 9548.6 = 8063.6 pg/10 min,
respectively) (p <0.05 in both cases) (Figure 2b).

Correlation analysis

To investigate the correlations between the changes in salivary flow
rate and total salivary EGF output versus the changes in OHIP-14
scores, the SS group was subdivided into groups with severe and
mild intraoral manifestations using the OHIP-14 scores at base-
line. The cut-off level was provisionally set at 14 points, which is
equivalent to all the 14 items in the questionnaire assigned scores
of 1 (=14: severe group [n=7] and <13: mild group [n=15])
[16]. No significant differences in age and sex at baseline were
observed between the severe (61.1+8.6 years, 7 women) and
mild (53.6 = 14.4 years, 13 women and 2 men) groups (p =0.109,
p =1, respectively).

Baseline
{initial evaluation)

3 years later
(reevaluation)

In the severe group, the change ratio of total salivary EGF out-
put was significantly and inversely correlated with the change in
the OHIP-14 score (r =—0.847, p = 0.008). In contrast, there was
no significant correlation between the change ratio of salivary flow
rate and the change in the OHIP-14 score (Figure 3). Moreover,
these three factors did not correlate in the mild group and the entire
SS group.

Discussion

The following novel results were obtained in this study. (1) Although
the salivary flow rate did not change in the SS patients, both the
OHRQoL and total salivary EGF output decreased significantly
three years after the initial evaluation. Such findings were not
observed in the non-SS patients. (2) Although the salivary flow
rate did not decreased in the SS patients with long disease dura-
tion, the total salivary EGF output was significantly lower at the
time of reevaluation. (3) In the SS patients with reduced OHRQoL,
both the salivary flow rate and total salivary EGF output signifi-
cantly decreased within three years. (4) In the SS patients with
short disease duration or ameliorated OHRQoL, both the salivary
flow rate and total salivary EGF output did not decrease. (5) In the
SS patients with severe intraoral manifestations, larger decreases
in total salivary EGF output corresponded to poorer OHRQoL.
Several previous reports suggested that EGF synthesized in the
salivary glands and secreted into the saliva is involved in repair
mechanisms that lead to wound healing and facilitate mainte-
nance of the integrity of the oral cavity mucosa [10,11] and dem-
onstrated the association between intraoral inflammatory diseases
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and changes in salivary EGF levels [4,13-15]. Salivary EGF
concentrations were found to be significantly lower in patients
with stomatitis aphthous [4,13] or peritonsillar abscess[4] and
decreased further even after healing and in the absence of these
lesions [4,13]. In patients with radiation-induced oral mucositis,
salivary EGF levels were significantly reduced and inversely cor-
related with the severity of the disease [14,15]. The authors of the
above reports speculated that low salivary EGF levels reduce the
capacity of the oral mucosa to heal and maintain its physiologic
integrity, thereby increasing susceptibility to intraoral inflamma-
tory lesions [4,13—15]. In addition, the wound closure effect of
EGF was shown in the previous study using oral epithelial cell
lines [22].

Our previous report was the first to demonstrate the asso-
ciation between SS and salivary EGF levels [16]. The follow-
ing findings of this report are important for interpretation of the
present data. (1) In SS patients, the total salivary EGF output
was significantly lower than in non-SS patients. Furthermore,
the total salivary EGF output correlated with the salivary flow
rate, decreased with time, and showed an inverse correlation
with disease duration. These findings suggested that secretion of
salivary EGF decreased in association with the salivary gland
dysfunction induced by SS. (2) In the SS patients with short dis-
ease duration, although only the salivary flow rate was reduced,
the OHRQoL was not affected. However, in patients with long
disease duration, the total salivary EGF output decreased, and
the OHRQoL worsened significantly. In addition, although the
salivary flow rate decreased in the SS patients with mild intraoral

Baseline
{initial evaluation)

3 years later
{reevaluation)

3 years later
{reevaluation)

manifestations, the total salivary EGF output did not decrease.
In contrast, the total salivary EGF output decreased significantly
in the patients with severe manifestations, but the decrease in
the salivary flow rate was not significantly different from that in
the SS patients with mild manifestations. These results indicated
that an association may exist between lower levels of salivary
EGF and poor OHRQoL in SS patients with long disease dura-
tion. In this regard, although few studies have investigated EGF
expression in the salivary glands of SS patients, Koski et al. [23]
reported that EGF expression was diminished in the labial sali-
vary glands and concluded that, together with the reduced sali-
vary flow, this could contribute to xerostomia and oral mucosal
involvements in SS.

In the present study, we found that the salivary EGF level but
not the salivary flow rate decreased significantly in the same SS
patients during only three years. This decrease was especially
striking in the SS patients with long disease duration and progres-
sive exacerbation of the OHRQoL. Moreover, in the SS patients
with severe intraoral manifestations at baseline, the reduction in
salivary EGF levels significantly correlated with exacerbation of
the OHRQoL. These findings strongly support the conclusions of
our previous report and suggest that salivary EGF levels decrease
rapidly within a short period of time and progressive exacerbation
of the OHRQoL depends on this rapid decrease in salivary EGF
levels when the SS disease duration becomes prolonged. Although
the kinetics of salivary EGF has not yet been fully elucidated, Ino
et al. [4] showed that salivary EGF concentration was significantly
lower in younger subjects (0 —9 years old) than in older subjects
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(10—79 years old), but it was not correlated with age in the
latter group. Similarly, in our previous study, age was not corre-
lated with salivary EGF levels [16]. In addition, Nakagawa et al.
[24] suggested that the progression of salivary gland destruction in
SS is not necessarily associated with aging. On the basis of these
findings, the rapid decrease in salivary EGF level within the three
years of follow-up in the present study is likely a consequence of
SS progression rather than aging.

The currently accepted treatment for xerostomia in SS consists
of maintaining good oral hygiene (e.g., mouthwash), using saliva
substitutes (e.g., artificial saliva), and utilizing salivary stimula-
tion (e.g., muscarinic M3 receptor agonists). The main purpose of
these components is to compensate for the reduced or inadequate
supply of water via the natural saliva. Unfortunately, a substantial
number of SS patients with refractory intraoral manifestations
suffer from poor OHRQoL despite these treatments, especially in
cases with long disease duration and declining residual salivary
gland function. The findings of the present study and our previous
report suggest that improving the saliva quality by EGF supple-
mentation into oral cavity in combination with the conventional
treatments may promote mucosal healing, reduce the severity
of intraoral manifestations, and ameliorate the OHRQoL in SS
patients. In this regard, Girdler et al. [25] investigated the effect
of an EGF mouthwash on oral ulceration in patients undergoing
cancer chemotherapy and noticed a slight delay in the onset and
a smaller mean area of ulceration in the EGF mouthwash group
compared with the placebo group. We believe that topical EGF
application that can attach to wound longer than mouthwash
(e.g., in the form of gel) may lead to a better result. However, the
concentration and frequency of EGF administration remain to be
elucidated. Moreover, an excess EGF stimulates the proliferation
and differentiation of malignant cells [26]. Therefore, it should
be prudent to administrate topical EGF application for intraoral
manifestations.

This study has some limitations. The SS group consisted of
patients treated with and without corticosteroids or immunosup-
pressants. In this regard, it may be desirable to examine only
patients with primary SS excluding those under these medica-
tions. In addition, corticosteroids or immunosuppressants were
used more frequently in the non-SS group than in the SS group.
However, because the patients with non-SS group could not be
diagnosed with SS or salivary gland dysfunction on the basis of
clinical symptoms, physical examinations, and laboratory findings
throughout the clinical course, including before the initiation of the
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corticosteroid or immunosuppressant therapy, we did not consider
the possible influence of these medications on intraoral manifesta-
tions and salivary gland function in the present analysis.

In conclusion, salivary EGF levels in SS patients decreased
rapidly in the course of three years, and the deterioration of
saliva quality could contribute to the progression of the intraoral
manifestations. The reliability of this result is strengthened by
the fact that the present study is a follow-up reevaluation of the
SS patients whom we examined in the past. We believe that the
present findings may lead to the development of efficient thera-
pies for SS.
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Effectiveness of Autologous Serum Eye Drops Combined
With Punctal Plugs for the Treatment of Sjogren
Syndrome-Related Dry Eye

Ying Liu, MD,* Masatoshi Hirayama, MD, PhD,* Xin Cui, MD, MPH,} Samuel Connell,*
Tetsuya Kawakita, MD, PhD,* and Kazuo Tsubota, MD*

Purpose: To evaluate the efficacy and safety of autologous serum
(AS) eye drops combined with punctal plugs (PPs) in patients with
Sjogren syndrome (SS)-related dry eye.

Methods: A retrospective clinical study was performed in patients
with dry eye caused by SS. We evaluated the Schirmer test value,
tear breakup time (tBUT), and fluorescein and Rose Bengal (RB)
staining scores at baseline, 3 months, 6 months, 1 year, and >1 year
after treatment. The dry eye indexes were also evaluated in 2 subgroups,
which determined by the using of PPs, including the AS + PP group
and AS only group.

Results: A total of 56 eyes of 28 patients were investigated with
a mean follow-up of 42.3 * 26.1 months. After the application of
AS eye drops, the Schirmer test showed no significant changes. The
tBUT (2.7 = 1.9 seconds) was significantly improved at each time
point (3.9 *= 3.1,4.5 = 3.1,3.7 = 2.5, and 5.1 * 4.0; P < 0.01),
fluorescein staining (4.3 * 2.8) was significantly improved at each
time point (2.2 £ 22,19 =19, 1.8 = 1.6, and 1.8 = 1.8; P <
0.01), and RB (2.6 = 3.0) staining was significantly improved from
6-month treatment (1.5 = 1.9, 1.9 = 1.9, and 1.4 = 1.8; P < 0.05,
0.01, and 0.01, respectively). When combined with PPs, the tBUT
and RB staining scores were found to be significantly improved in
the AS + PP group compared with those of the AS only group.

Conclusions: Long-term application of AS eye drops was found
to be an effective and apparently safe treatment for SS dry eye.
Furthermore, PPs in combination with AS eye drops were considered
to have an additive effect on SS dry eye.

Key Words: dry eye, Sjogren syndrome-related dry eye, autologous
serum eye drops, long-term treatment, punctal plugs
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jogren syndrome (SS) is an autoimmune disease that leads

to lacrimal gland and salivary gland dysfunction. SS is
most common in women aged 40 to 60 years.! SS-related dry
eye is a type of tear-deficient dry eye that results from
autoimmune destruction of the lacrimal gland. As a refractory
dry eye disease, proinflammatory cytokines in SS can result in
inflammation and cumulative damage to the lacrimal gland,
which leads to desiccating stress on the ocular surface.™
Hence, it is important to seek effective and safe treatments for
SS dry eye.

Maintaining ocular surface wetness and controlling
inflammation are important considerations of SS dry eye
treatment. Fundamental treatment of SS dry eye includes
artificial tears and topical antiinflammatory therapy.>* Punctal
plugs (PPs) and oral use of exocrine gland secretagogues are
also widely applied for severe SS dry eye cases.®™ Artificial
tears, which include sodium hyaluronate, and vitamin A eye
drops are commonly applied after a clinical diagnosis;
however, artificial tears are not an exact substitute for natural
tears, given that tears are a complex combination of water,
salts, proteins, hydrocarbons, and lipids.®” Topical antiin-
flammatory therapy, however, includes steroids, nonsteroidal,
and cyclosporine eye drops. To avoid adverse effects, topical
steroids can be used only in the short term; nonsteroidal
antiinflammatory eye drops also have deleterious effects on
the corneal epithelium.>!° Because of these limitations, the
application of PPs is considered an effective surgical
intervention.®'""'> Moreover, autologous serum (AS) has
been prescribed as topical medication for the treatment of
dry eye.'>'* Recently, the application of AS as a topical
medicine has paved the way for new treatments for refractory
dry eye. Finally, the combination of PPs and AS eye drops
has been proposed as an effective treatment for SS dry eye.

The components of serum are similar to those of tears;
the former contains abundant growth factors and vitamins, such
as the epidermal growth factor, vitamin A, and fibronectin,
which promote corneal epithelial cell proliferation, maturation,
and differentiation.>!® Since Fox et al'® reported the application
of AS for SS dry eye, the effectiveness of the treatment has
been confirmed in a clinical study of 12 SS patients’ and
a case—control study of 37 eyes of patients with SS and those
without SS."* However, the effectiveness and long-term
prognosis of AS eye drops combined with PPs are still unclear.

Our study was approved by the Ethics Committee of the
Keio University School of Medicine (No. 20140255). We
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TABLE 1. Baseline Distribution of Patients’ Demographic and
Objective Measurements (N = 56 Eyes)

steroids) and/or punctal occlusion/plugs before being admin-
istered AS eye drops.

Variable N %

Total 56 100 Criteria of Using PPs and AS Eye Drops

Sex Patients were stratified by their PP status: patients in the
Male 6 107 AS + PP group were treated with PPs [Eagle Vision (TN
Female 50 89.3 38133 USA)] at their first visit and then with AS eye drops, as

Age, yr 556 £ 13.8 the combination therapy. Patients in the AS group used only

Follow-up period, mo 423 *261 AS eye drops and received no PP administration.

Schirmer test value, mm/5 min 27 *+40

tBUT (n = 54), s 27+ 1.9

FL score (n = 46) 43+28 Data Collection and Evaluation

RB score (n = 56) 26 =30 Data from medical records, including sex and age of

In this study, 28 clinical patients (3 men and 25 women; 56 eyes) were administered
AS eye drops. The mean patient age was 55.6 = 13.8 years (range, 19-78 years). The
mean follow-up period was 42.3 # 26.1 months (range, 9-121 months).

retrospectively observed patients with SS dry eye who
benefited from AS eye drops combined with PPs as a long-
term treatment. We aimed to analyze the appearance of the
ocular surface and to evaluate the efficiency and safety of the
long-term use of AS eye drops and the effectiveness of long-
term application of AS eye drops combined with PPs for SS
dry eye treatment.

MATERIALS AND METHODS

Subjects

Medical records of patients who were under the
treatment of AS eye drops between 2001 and 2011 from
the Department of Ophthalmology, Keio University Hospital,
Tokyo, Japan, were reviewed. A total of 56 eyes of 28
patients diagnosed with primary or secondary SS were
enrolled in this study. All patients had symptoms of dry eye
and a history of treatment with AS eye drops from September
2001 to November 2011 and met the diagnostic criteria of the
Japanese Dry Eye research group.'” Patients with moderate to
severe dry eye underwent conventional dry eye treatment
(artificial tears, vitamin A eye drops, and low concentration

patients, date of the first and last visit up to medical record
extraction, the frequency of AS eye drops use, and the
combination use of conventional eye drops and PPs with AS
eye drops were analyzed. The Schirmer test was performed at
baseline (first visit) by inserting a standard filter paper strip
into the temporal areas of the conjunctiva of both eyes for
5 minutes. The tear film breakup time (tBUT) was examined
by instilling 2 pl. of 1% fluorescein (FL) dye into the
conjunctival sac and counting the tear film breakup time
3 times. The mean value was then calculated. The ocular
surface was stained using 1% FL and 1% Rose Bengal (RB).
FL staining scores were determined for the upper, middle, and
lower areas of the cornea and rated from 0 to 9. RB staining
scores were determined for the cornea, nasal, and temporal
areas of the conjunctiva; each of the 3 regions were graded on
a scale of 0 to 3. FL staining scores, RB staining scores, and
tBUT were reviewed at baseline, 3 months, 6 months, 1 year,
and more than 1 year (>1 year) of follow-up.

Protocol and Application of AS Eye Drops

AS was prepared based on a previously published
protocol’: briefly, approximately 40 upL of blood was
collected from each patient by venipuncture and centrifuged
for 5 minutes at 1500 rpm. After centrifugation, the serum
was carefully separated and extracted into another collection
pack in a sterile manner. The serum was diluted with saline to
a 20% concentration, and 5-uL aliquots were dispensed into

TABLE 2. Evaluation of Tear Function and Ocular Surface Vital Staining With AS Treatment

Breakup Time, s FL Score RB Score
Point 95% Confidence Point 95% Confidence Point 95% Confidence
n Estimate Interval n Estimate Interval n Estimate Interval
Baseline 46 2.7 2.5 3.0 46 43 39 4.6 56 2.6 23 3.0
3 mo 34 3.9%* 2.5 3.0 50 2.2%* 1.9 2.5 50 2.1 1.7 2.5
6 mo 34 4.5%% 4.0 5.1 55 2.0%* 33 4.1 52 1.5%%* 1.2 1.7
1yr 38 3.7%* 33 4.1 56 1.8%%* 1.7 22 56 1.9% 1.6 2.1
>1yr 46 5.1%* 4.5 5.7 50 1.8%* 1.5 2.0 48 1.4%* 1.2 1.7
*P < 0.05.
*#+p < 0.01.

Evaluation of tear function and ocular surface vital staining with AS treatment using a mixed model, results are shown as point estimates and 95% confidence interval. The tBUT
and FL staining score significantly improved compared with those at baseline. The RB staining score significantly improved after 6 months compared with that at baseline (*P < 0.05
and **P < 0.01).
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UV light-protected bottles to protect vitamin A from
degradation by light. One bottle was stored in a refrigerator
at 4°C for use, and all other bottles were stored in the freezer
until required.

Statistical Methods

Patient demographics and baseline measurements are
shown as mean = SD or SE. We analyzed the effects of AS
on tear function and ocular surface vital staining using
a multilevel mixed model. FL staining scores, RB staining
scores, and tBUT at each time point were compared for
patients with and without PP treatment (AS + PP and AS
only) using an unpaired 2-sample ¢ test. All analyses were
performed using SAS (9.3; SAS institute, Cary, NC).

RESULTS

Patients and Clinical Profiles

Medical records of 28 patients (3 men and 25 women)
were reviewed in this study. In total, 56 eyes were analyzed.
Patient age ranged from 19 to 78 years; mean age was 55.6 *+
13.8 years. All patients were treated with AS eye drops for
a mean follow-up of 42.3 = 26.1 months. Fifty eyes were
(89%) followed up for more than 12 months, and 32 eyes
(57%) were followed up for more than 36 months.

Although most of the patients were using conventional
eye drops including vitamin A, low-concentration steroids
(fluorometholone 0.1%), and intervention with PPs, the dry
eye symptoms and ocular surface health did not improve
before the application of AS eye drops. During our study,
these treatments continued alongside the application of AS
eye drops. At baseline, the mean Schirmer test value was
2.7 = 4.0 mm and the mean tBUT was 2.7 = 1.9 seconds,
whereas mean FL and RB staining scores were 4.3 = 2.8 and
2.6 * 3.0, respectively (Table 1).

Changes in Dry Eye Symptoms and Ocular
Surface Examination

Table 2 and Figure 1 show that the mean tBUT and FL
staining scores significantly improved at 3 months, 6 months,
1 year, and >1 year compared with baseline (P < 0.01; Figs.
1A, B). The mean RB staining scores were significantly
improved after 6 months compared with those at baseline
(P < 0.01, P < 0.05, and P < 0.01, respectively; Fig. 1C).
The Schirmer test showed no significant improvement during
follow-up.

Characteristics of Patients Stratified by the
PP Status

There were 17 eyes in the AS only group and 12 eyes in
the AS + PP group. Among patients within the AS only
group, 2 were male eyes and 15 were female eyes; among
patients within the AS + PP group, 12 were female eyes.
Mean age of patients was 57.2 = 9.1 years and 65.3 * 13.3
years, respectively. In the AS + PP group, 9 eyes had both
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upper and lower PP occlusion at baseline, whereas 3 eyes
suffered from lower PP dropping out and 3 eyes suffered from
upper PP dropping out. A total of 3 eyes had only lower PP
occlusion during the whole follow-up period. The retention rate
at 3 months, 6 months, 1 year, and at the >1 year was 95.2%,
100%, 95.2%, and 85.7%, respectively. No complications
occurred during the application of PPs. The mean follow-up
period was 25.3 * 12.0 months for the AS only group and
55.3 £ 24.5 months for the AS + PP group (Table 3).

Comparison of Dry Eye Signs Between the
AS + PP Group and AS Only Group

The mean tBUT, FL staining score, and RB staining
score were not significantly different between both groups at
baseline. After the treatment at each time point, the mean
tBUT was significantly higher in the AS + PP group at 1 year
of treatment and >1 year of treatment compared with the AS
only group (P < 0.01; Fig. 2A). The mean FL staining score
was not significantly different between the 2 groups at any
time point (Fig. 2B). The improvement in RB staining scores
was significant in the AS + PP group compared with the AS
only group after 1 year of treatment and >1 year of treatment
(P < 0.01 and P < 0.05, respectively; Fig. 2C).

Safety and Response

During our investigation period, no side effects related
to AS and PP application were observed, including exacer-
bation of ocular surface inflammation, serious infections,
punctal occlusion, epiphora, or desensitization of the corneal
surface.

DISCUSSION

In this study, we observed the effectiveness of AS eye
for the treatment of SS dry eye and the long-term therapeutic
effect of AS combined with PPs without any side effects.
Because the vitamins and growth factors in tears also exist in
serum, the application of AS eye drops can supply essential
nutrition to the ocular surface. Moreover, the albumin in
serum has been reported to suppress apoptosis in a conjunc-
tival cell line.'® According to our previous research and other

TABLE 3. Characteristics of Patients Stratified by the PP Status
Group

Variable Plug— Eye Drop+ Plug+ Eye Drop+
No. eyes 17 12
Sex

Male 2 0

Female 15 12
Age, yr 572 = 9.1 653 £ 133
Follow-up period, mo 25.1 = 12.0 553 £ 245

Clinical profiles of patients with or without PPs during AS eye drop application are
shown.

AS only: patients without PPs during the period of AS eye drop application.

AS + PP: patients with PPs during the period of AS eye drop application.
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