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FIGURE 8. Rose bengal staining. Fine detail of rose bengal staining of cevimeline 30 mg three times daily.

encouraging results, further studies are needed to define
more clearly the optimum dosage of cevimeline for the
treatment of dry eye in patients with SS.
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Effect of preoperative tear function
on early functional visual acuity
after laser in situ keratomileusis

Mari Tanaka, MD, Yoji Takano, MD, Murat Dogru, MD, Tkuko Toda, MD,
Naoko Asano-Kato, MD, Yoshiko Komai-Hori, MD, Kazuo Tsubota, MD

Purpose: To assess the effect of preoperative tear function on early changes in
functional visual acuity (FVA) after laser in situ keratomileusis (LASIK).

Setting: Minamiaoyama Eye Clinic, Tokyo, Japan.

Methods: This prospective single-center study assessed the effect of preopera-
tive and postoperative tear functions on FVA in 30 eyes of 15 patients who had
LASIK. Functional visual acuity was defined as the binocular recognition acuity
measured by the FVA tester (Wellsystem) during a 10-second, blink-free period.
All patients had a Schirmer test with anesthesia and tear-film breakup time (BUT)
measurements preoperatively and 1 day and 1 week after LASIK. Corneal topogra-
phy and Landolt visual acuity and FVA measurements were performed before sur-
gery and 1 day and 1 week after LASIK. Eyes with a Schirmer test reading less

than 5.0 mm and a BUT less than 5 seconds were grouped as definite dry eye
{DDE}. Eyes with a normal Schirmer test score but a shortened BUT were

grouped as probable dry eye (PDE).

Results: In all patients, the best uncorrected Landolt visual aculty was 20/20 or
better at the postoperative examination times. In the DDE group, the mean preop-
erative FVA declined from 1.2 to 0.75 = 0.16 (SD) at 1 day and increased to 1.2
at 1 week. No change in FVA was observed postoperatively in the PDE group.

Conclusion: Laser in situ keratomileusis patients with low basal tearing and full
uncorrected distance Landolt acuity may experience a transient decrease in FVA

that returns to baseline within 1 week.

J Cataract Refract Surg 2004; 30:2311-2315 © 2004 ASCRS and ESCRS

ry-cye patients often complain of decreased visual
acuity during daily activities such as reading, driv-
ing, and video display terminal (VDT) work."* Many
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myopic dry-eye patients intolerant to contact lenses
resort to visual rehabilitation by refractive surgery. It is
reported that 50% of LASIK patients have preoperative
dry eye and that the LASIK procedure itself induces
aqueous deficiency.** Laser in situ keratomileusis has
also been shown to significantly alter the early postopet-
ative tear stability.> A stable tear-film layer over the
surface of the cornea is essential for clear visual imaging,
An irregular corneal surface resulting from aqueous defi-
ciency is reportedly associated with poor quality of
vision.$

Many LASIK patients complain of the quality of
their vision despite optimal uncorrected binocular visual
acuity in the early postoperative period. We think this
may be related to disturbances in the tear film.

0886-3350/04/%—see front marrer
dol:10.1016/).jers.2004.02.086



EFFECT OF TEAR FUNCTION ON VISUAL ACUITY AFTER LASIK

An assessment of functional visual acuity (FVA) is
reportedly useful in the detection of subtle changes in
visual quality in dry-eye patients.!?¢ In this study, we
performed conventional and FVA measurements before
and after LASIK and studied the effect of tear functions

on early postoperative FVA.

Patients and Methods

Thirry eyes of 15 consecutive patients who had bilateral
LASIK for myopia (range —1.25 1o —9.0 diopters [D]) were
enrolled in this study. All had slilamp biomicroscopy, corneal
topography, and best corrected Landolt visual acuity and
FVA measurements before and 1 day and 1 week after LASIK.
Tear-function examinations including Schirmer test with an-
esthesia and tear-film breakup time (BUT) were performed
preoperatively and 1 day and 1 week after LASIK. In each
patient, the degree of preoperative myopia, amount of myopic
correction, and ablation depth were recorded.

Tear Examinations

The standard Schirmer test with topical anesthesia {oxy-
buprocaine chloride 0.4%) was performed. The standardized
strips of filter paper (Alcon Inc.) were placed in the lateral
canthus, away from the cornea, and left in place for 5 minutes
with the eyes closed. Readings were reported in millimerers
of wetting for 5 minutes. A reading of less than 5.0 mm was
referred to as dry eye.

For BUT measurements, 2.0 pL of fluorescein 1% was
applied to the conjunctival sac by a micropipette. The patients
were then instructed to blink several times. The interval
between the last blink and the appearance of the first black
spot in the central corneal tear film was measured. A BUT
value less than or equal to 5 seconds was considered abnormal,
The dry-eye patients were divided into 2 groups of “definite”
and “probable” dry eyes according to the preoperative tear
functions. Eyes with a Schirmer test reading less than 5.0 mm
and a BUT less than 5 seconds were grouped as definite dry
eye (DDE), and those with a normal Schirmer test score but
a shortened BUT were grouped as probable dry eye (PDE).

Functional Visual Acuity Measurements

The FVA tester (Wellsystern) was used to measure the
recognition visual acuity continuously. Functional visual acu-
ity was defined as the binocular recognition acuity measured
by the FVA tester during a 10-second, blink-free period. The
details of the testing procedure have been reported.'? First,
visual acuity was measured with no restraints to blinking
using this instrument (baseline FVA). Topical anesthesia
(oxybuprocaine chloride 0.4%) was administered before the
FVA examination to minimize discomfort and prevent reflex
tearing and blinking. Five minutes after the topical anesthesia
was instilled, patients were instructed not to blink for 10

2312

seconds during the measurement of FVA. The examiner con-
firmed the absence of blinking during the 10-second period.
Patients indicated the orientation of the automatically pre-
sented Landolt rings using the joystick. Initially, the 24/20
Landolt ring was shown on the terminal display at 5 m from
the patients. The Landolt ring increased in size when the
answer was incorrect and decreased in size when it was correct.
If the Landolr ring was recognized correctly, the same-size
ring was displayed at random again. The result was displayed
as a plot graph when the measurement was complete.

Corneal Topography

Corneal topography of each parient was measured using
TMS-2 videokeratoscope software (Tomey Corp.). Topogra-
phy was measured immediately after the eyes were opened and
after the 10-second, blink-free period. The surface regularity
index (SRI) was measured at 0 and 10 seconds (SRI 0 and
SRI 10, respectively).

Statistical Analysis

Data were processed using Graph Pad Software. The
paired f test was used for analysis of the nonparametric values.
The change in SRI from baseline over time was assessed
in each group by the 2-way repeated-measures analysis of
variation test. A probability level less than 5% was considered
statistically significant.

Results

The mean age of the 3 women and 12 men was
37.1 years = 7.3 (SD) (range 23 to 55 years). Of the
30 eyes, 12 (6 patients) were in the DDE group and
18 (9 patients} in the PDE group based on the preopera-
tive tear functions. The best uncorrected Landolt visual
acuity was 20/20 or above in all cases at each post-
LASIK examination,

Refractive and Ablation Data

The mean degree of preoperative myopia was
—~6.5 £ 2.4 D in the DDE group and —5.6 = 2.3 D
in the PDE group. The difference was not significant
{P>.05). The mean amount of myopic correction was
—4.9 * 2.2 D in the DDE group and -5.8 £ 2.1 D
in the PDE group (7>.05). The mean depth of ablation
was 80.5 * 30.4 pm and 87.8 * 33.0 wm, respec-
tively (P>.05).

Tear-Function Examinations

The overall mean BUT was 4.42 * 0.82 seconds
in the DDE group and 3.06 % 0.85 seconds in the
PDE group. In the 12 DDE eyes that presented with

] CATARACT REFRACT SURG—VOL 30, NOVEMBER 2004
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Figure 1. (Tanaka) The change in BUT after LASIK in dry-eye

patients.

a decrease in 1-day FVA, the preoperative BUT was
3.70 = 0.82 seconds; it declined to 2.13 * 0.35 seconds
at 1 day (P<<.05). The BUT remained at 2.00 % 0.45
seconds at 1 week. In the 18 PDE eyes with stable
1-day FVA, the BUT was 4.80 = 2.09 seconds preoper-
atively and 3.06 * 0.85 scconds at 1 week; the BUT
remained at 2.98 * 0.75 seconds at 1 week, as shown
in Figure 1 (P<.05). Although the mean pre-LASIK
BUT in the DDE group was lower than thar in the PDE
group, the difference was not statistically significant
(P>.05). A statistically significant between-group dif-
ference in the 1-day BUT values was noted (P<.05).

In the 12 DDE eyes that presented with decreased
1-day FVA, the mean preoperative Schirmer test value
was 3.05 = 0.67 mm; this declined t0 2.97 = 1.32 mm
at 1 dayand 3.07 = 1.30 mm at 1 week. The differences
were not significant (#>>.05). In the 18 PDE eyes with
stable 1-day FVA, the mean Schirmer test value was
10.80 * 4.80 mm preoperatively and 11.00 * 4,90 mm
at 1 day, as shown in Figure 2 (P>.05). The between-
group difference in Schirmer test values at each examina-
tion time was statistically significant (P<.05).

Functional Visual Acuity

The baseline FVA was 24/20 in all patients before
LASIK surgery. It decreased to a mean 15/20 in 6 DDE
patients at 1 day (P<.05). No changes in FVA from
baseline values were noted in the PDE group (Figure

1.5
< I —+—DDE Group
e 05 A | ~=—PDE Group
¢

pre 1 day 1 week

Figure 3. (Tanaka) The change in FVA after LASIK.
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Figure 2. (Tanaka) The changein Schirmer test values after LASIK.

3). At 1 week, the FVA recovered to the preoperative
level in all patients.

Corneal Topography

At 1 day, the SRI 10 in the 12 eyes in the DDE
group with decreased FVA significantly increased com-
pared to the eyes in the PDE with stable FVA (P<.05).
The SRI 10 was 2.20 = 0.54 in DDE groupand 1.54 =
0.62 in the PDE group, as shown in Figure 4. At 1
week, no significant between-group differences were
observed in the SRI 10 values (7>.05). The variation
in the SRI 10 from baseline to 1 week was statistically
significant in both groups (P<.05). At 1 day, the mean
SRI was 1.39 = 0.33 in the DDE group and 1.28 *
0.55 in the PDE group (P>.05). The SRI 10 was
2.20 * 0.54 and 1.54 * 0.62, respectively (P<<.05).
The increase in SRI from 0 to 10 seconds was statistically
significant (P<.05) in the DDE group, as shown in
Figure 5.

Discussion

Dry eye is a major reason patients consider LASIK,
and it is a common post-LASIK complication. Toda
and coauthors® report that more than 75% of patients
having LASIK have preoperative dry eye; 35.2% have
DDE and 41.2% have PDE, according to the modified
criteria of the Japanese Dry Eye Association.” It has

ot POE Group

SRI10
b

preLASIK 1day Tweek

Figure 4. (Tanaka) The change in SR after LASIK.
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Figure 5. (Tanaka) The change in SRI from 0 to 10 seconds.

been demonstrated that post-LASIK, dry eye develops
with compromised tear function for at least 1 month;
some patients may have dry eye 1 year after LASIK.24
Itis well known that LASIK is associated with significant
improvements in uncorrected and best corrected visual
acuity, even in dry-eye patients. Although standard vi-
sual acuity testing is an excellent measure of 1 aspect
of visual function, contrast sensitivity and glare testing
provide more important and precise information about
specific aspects of visual function.

Recently, FVA testing, described as “functional vi-
sual acuity for 10 seconds without blinking,” was re-
ported to be an important method of defining “detailed
visual function.” The method has been shown to be
efficient in detecting “masked impairment of visual
funcrion” in dry-eye patients who complain of decreased
visual acuity despite normal conventional visual acuity
test results.! The definition of FVA testing has been
proposed as an important indication of an individual’s
performance of cerrain daily activities such as driving,
reading, and VDT work.?

In this study, we examined the effects of dry eye
on FVA in the first post-LASIK week since the modern
LASIK procedure enables most patients to return to
daily activities the day after LASIK. All patients attained
20/20 uncorrected conventional visual acuity the day
after surgery and the first post-LASIK week. A group
of patients complained of difficulties reading and driv-
ing and visual fluctuation the day after LASIK. The
analyses and findings in the PDE patients (BUT-defi-
ciency type) and DDE patients (BUT- and aqueous-
deficiency type) made us realize that it was the DDE
patients who had these complaints and who also dis-
played a significant reduction in FVA 1 day after LASIK
despite normal conventional visual acuity.

In corneal topography, the SRI has been shown to
reflect the regularity and optical quality of the cornea

and also to correlate with the potential visual acuity.58
The SRI values in our patients showed a significant
increase from baseline to 1 week in both groups. The
DDE patients also had significandy higher SRI 10 val-
ues than the PDE patients at 1 day. The increase in
the mean SRI value from baseline at 0 second to 10
seconds was also significant in the DDE group com-
pared with the PDE group. An investigation of preoper-
ative refractive differences as well as LASIK parameters
such as the amount of myopic correction and the abla-
tion depth showed no significant differences between
the 2 groups, suggesting that the SRI changes probably
resulted from tear stability differences and minute cor-
neal surface irregularities. Thus, the changes in early
FVA in our patients may be explained by poor tear
spreading and the surface depression created by LASIK
or a greater contribution by the dynamic precorneal
tear film to the optical power of the eye after LASIK.
A further reduction in post-LASIK BUT scores in the
first week might also have contributed. Holladay and
coauthors® report that finer markers of visual function
such as contrast acuity and glare testing revealed marked
deterioration on the first day after LASIK. They attrib-
uted these changes to microscopic corneal irregularities
that do not affect clinical visual performance assessed
by conventional methods.

We think investigations into the changes in tear
stability and function in dry-eye patients having LASIK,
as evaluated by tear-film lipid-layer interferometry or
the recently developed tear stability analysis system,
which measures blink-free corneal topography changes
over 10 seconds, would be very interesting. It would
be even more interesting to look into the relationship
between these parameters and tests defining finer visual
function such as wavefront analysis, glare testing, con-
trast sensitivity, and FVA.

Our preliminary findings suggest that BUT- and
aqueous-deficient dry-eye patients who have LASIK ex-
perience a reduction in FVA on the first post-LASIK
day; this is associated with complaints of difficulties in
driving or reading. It has been shown thar blink rates
decreased considerably during reading and driving when
most patients kept their eyes open for more than 10
seconds.”® Although we did not measure the blink rate
in our patients, the relationship between early post
LASIK FVA and blink rate in a large number of patients
would provide useful information.

2314 J CATARACT REFRACT SURG-VOL 30, NOVEMBER 2004
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In conclusion, DDE patients having LASIK experi-
ence a transient reduction in FVA, which returns to
baseline within 1 week. Further research in a large
number of patients is therefore essential to clarify the
restrictions and define the necessary precautions, if any,
in relation to daily activities in DDE patients having
LASIK.
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Ocular Surface Treatment Before
Laser in situ Keratomileusis in Patients With

lkuko Toda, MD; Naoko Asano-Kato, MD; Yoshiko Hori-Komai, MD; Kazuo Tsubota, MD

L _ ABSTRRGT '
“PURPOSE: To evaluate the efficacy and safety of

laser in. sitn keratomileusis (LASIK) in patients
with severe dry eye associated with Sjogren's

METHODS: Three patients (six - ‘eyes) with
Sjogren's - syndroine who ‘underwent bilateral
LASIK were retrospectively evaluated for visual
outcoine, intraoperative aid postoperative ¢ompli-
cations, dry eye status (subjective symptoms and

objective findings, Schirmer test, vital staining of "

the ccular surface), and outcome satisfaction by
subjective questionnaire. All patients had negative
reflex téaring and were treated with topical autolo-
gous ;serum -and/or punctal  océlusion . prior ‘to
LASIK: to:improve ‘the ocular;surface. This ‘treat-

stoperatively: -
empted correction of six

10,63 D). O 3
_ rected visual acuity:
0.7 to 1.5), mean best spectacle-correct-

cuity was 1.29: (range:1.2 to .1,6),: and
jion-was -0.19 .+ 0.51.D {ranhge .00 o
, production, rose bengal and fluores-
¢ein staiving, and dry eye symptoms were not éxac-
erbated “after’ LASIK. No complications, siich as
intraoperative epithelial - defect,’ diffuse lamellar
kerstitis, epithelial ingrowth, or recurrent erosion
occurred, All three patients were satisfied with the

i noortest

outconie of their surgery. " N »
“CONCLUSION: LASIK can be safely and effec-

tively managed in patients with severe dry eye with

reduced .reflex tearing by - preoperative and
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postoperative treatments consisting of a combina-
tion of artificial tears, topical autologous- serum,
and punctal occlusion. Careful assessment of pre-
operative and postoperative ocular surface status
is mandatory in such -patients. [J Refract Surg
2004;20:270-275] )

ontact lens intolerance due to dry eye condi-
‘tions is often a .motive for refractive
N/ surgery? Furthermore, if dry eye patients
have high myopia, high astigmatism, and/or ani-
sometropia, it is often difficult. for them to wear
spectacles that sufficiently correct their refractive
error. Ini such cases, refractive surgery may be the
only-option that achieves satisfactory uncorrected
visual acuity. We recently reported that patients
who had; preoperative dry.eye could safely undergo
photorefractive keratectory (PRK) or laser in situ
keratomileusis (LASIK) without increased risks of
complications  or: lower. predictability for the
attempted corrections?? However; . the patients in
these studies had mild to- moderate dry eye with
positive. reflex tearing measured by Schirmer test
with nasal stimulation. ' '
Sjégren’s syndrome is associated with reduced
reflex tearing. Reflex tearing plays an important
role in the maintenance of ocular surface integrity.
When LASIK is performed in such patients, ocular
surface management and the control of dry eye-
related symptoms are of utmost importance. Ocular
surface management is probably most important in
the early postoperative period as symptoms and
signs of dry eye could temporarily worsen for sever-
al weeks postoperativelys® ' - '
Récently, a combination of autologous serum eye
drops and punctal occlusion has been used effective-
ly in the treatmert of ocular surface disorders asso-
ciated with ' severe tear deficiency, including
Stevenis-Johnson's syndrome, ocular cicatricial

Journal of Refractive Surgery . Volume 20 -May/June 2004
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Table 1
Dry Eye Patient Data Before LASIK

Correctlon (D)

Patient Age Eye UCVA BSCVA Refraction ~ Schirmer Tear Break-up Precperative
(yn) (D) {mm) Time (sec) Treatment
M.K. 47 R 0.05 1 sphere -6.75 5 4] Serum, artificial tears sphere -6.75
cylinder -1.75 cylinder -1.75
L 0.05 1 sphere -6.50 4 0 Serum, artificial tears sphere -6.50
' cylinder -1.00 cylinder -1.00
SK 52 R 0.08 1.2 sphere -7.25 3 2 Serum, plugs (4) sphere -6.75 .
cylinder -0.75 ‘ cylinder -0.50
L 0.04 1.2 sphere -2.50 3 2 Serum, plugs (4) sphere -8.50
H.H. 63 R 0.03 1.5 sphere -10.50 1 2 Serum, plugs (4) sphere -10.00
L sphere -9.75 1 1 Serum, plugs (4) sphere -8.75
cylinder -1.75 cylinder -1.75
Serum=auiofogous serum eye drop (number of puncla cccliuded)
*Some plugs lost
Table 2

Dry Eye Patient Data 1 Year After LASIK

Patient Age Eye Postoperative UCVA BSCVA Refraction (D) Schirmer Tear Break-up Satisfaction
(mm) Time (sec) Grade
MK. 47 R Serum, plugs (2) 1.5 15 sphere 0 5 4 1
cylinder 0 : .
L Serum, plugs (2) 1.2 1.5 sphere +0.50 4 4 1
cylinder 0
S.K. 52 R Serum, plugs (4)* 1.2 1.2 sphere 0 2 2 2
cylinder 0
L Serum, plugs (4} 0.7 1.2 sphere-0.75 =~ 4 2 2
‘ cylinder -0.50 )
H.H. 53 R Serum, plugs (4) 1.2 12 sphere 0 nct done 2 1
cylinder O ‘
L Serum, plugs (4) 1.2 1.2 sphere 0 not done 1 .1
cylinder 0
Serum=autologous serum eye drop (number of puncta occludad)
*Some plugs lost
pemphigoid, and Sjégren's syndrome.?*! Corneal PATIENTS AND METHOBS

transplantation used to be contraindicated for
patients with severe dry eye, however, by using
autologous serum eye drops and punctal occlusion,
successful surgical outeomes were achieved in many
of these patients. We predicted that LASIK would be
safely performed in patients with severe dry eye
such as Sjégren’s syndrome if the ocular surface was
managed :by -such means. However, for successful
outcomes, it is imperative that the ocular surface is
improved to optimal condition before surgery, by
punctal occlusion and eye drops, and that this treat-
ment is continued after surgery.

We performed LASIK  on three patients with
severe dry:eye associated with Sjégren's syndrome
and evaluated -itg-. s_af_ety .and-efficacy, focusing in
particular:.on -wound- healing-related . epithelial
complications and dry eye status.

Journal of Refractive Surgery - Volume 20 - May/June 2004

Three middle-aged females with Sjogren's syn-
drome were included in this study. Preoperative pro-
files of these patients are listed in Table 1. All
patients were highly myopic and had used hard con-
tact lenses preoperatively but complained of dry-
ness, foreign body sensation, ocular fatigue, dis-
charge, and/or redness that worsened with contact
lens wear. These symptoms made contact lens wear
impossible for long pericds. A complete ophthalmic
examination and assessment of dry eye status were
performed: at baseline. Basic tearing and tear sta-
bility determined by Schirmer test with anesthesia
and tear break-up time were less than 5 mm and
5 seconds, respectively. Reflex tearing measured
with Schirmer test with nasal stimulation* was less
than 10 mm (negative) in all patients. All four punec-
ta were occluded with silicone punctal plugs (Eagle

2n
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Figure 1. Slit-lamp microcroscopy of the ocular surface In patient
H.H; A} before commencement of the combination therapy of auto-
logous serum and punctal occlusion; B) 1 month after treatment;
C) t month after LASIK. Rose bengal staining improved with the
combinaticn therapy.

DISCUSSION

Exacerbation of dry eye symptoms is a common
postoperative complication after LASIK.5® Many
patients without preoperative dry eye experience
dry eye symptoms and decreased tear functions for
several months after LASIK. Furthermore, patients
with preoperative dry eye exhibited more severe
symptoms and ocular gurface damage after LASIK
compared to patients without preexisting dry eye,
even though efficacy and predictability were compa-
rable between these groups.? We performed LASIK
on severe cases of dry eye associated with Sjégren's
syndrome after strict informed consent, and found
that with proper management, these patients can be
candidates for LASIK.

In patients with severe dry eye with decreased .

reflex tear secretion, ocular surface dessication has
adverse effects on the ocular surface epithelium and
insufficient tear components may compromise nor-
mal wound healing. Problems with epithelial wound
healing may lead to flap dislocation, epithelial
ingrowth®, or diffuse lamellar keratitis.!® If postop-
erative LASIK dry eye is extremely severe, epithe-
lial defect or corneal ulcer may appear. In our
patients, all of whom had decreased reflex tearing,
such problems' were not experienced during the
l-year postoperative follow-up. Postoperative

refraction and visual acuity were also good in these
patients. The good visual outcome and lack of com-
phcatlons is probably mostly attributable to exten-
give management:of dry eye with. autologous serum
eye drops and, punctal ‘plugs. We scheduled LASIK
only after ocular su:rface ﬁndmgs Were. suﬁclently
improved. -

Joutmal of Retractive Surgery : Volums 20 - May/Jime 2004

Of our three patients, patient H.H. was most suc-
cessfully treated with punctal plugs with no plug
loss. The ocular surface showed no staining with
fluorescein and rose bengal immediately prior to
LASIK and dry eye symptoms were dramatically
improved. On the other hand, patient M.K., who had
plugs placed only in her upper puncta, and patient
S.K., who experienced frequent loss of punctal
plugs, complained of dry eye symptoms with moder-
ate staining of the ocular surface. These results may
suggest that the management of dry eye before
surgery, especially with complete occlusion of
lacrimal puncta, is a key for preventing severe post-
operative LASIK dry eye and reducing subjective
symptoms. Punctal occlusion is an effective treat-
ment for dry eye, however, plug loss'is a problem.l”
Surgical punctal occlusion may be advocated in
some cases.

Autologous serum eye drops have been used suc-
cessfully in many severe corneal epithelial disor-
ders,*!® Autologous serum is considered to supply
essential components that are necessary for epithe-
lial wound healing, such as epithelial growth hor-
mone and vitamin A, and positively promotes
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Figure 2, Vital staining of ocular surface before and after LASIK. A) Rose _bengal score; B) fluorescein score. Stalning scores fluctuated in
patients M.K. and S.K,, whereas tha scores were confinuously tow In patient H.H. after LASIK. (Two of three patients had been diagnosed with
re examination at our clinic, hence their rose bengal score was relative-

Sidgren’s syndrome and treated with artificial fears for some time befo
ty fow.)

epithelialization in these patients. Autologous
gerum significantly improved ocular surface abnor-
mality of severe dry eye with Sjogren’s gyndrome.!
We suspect that combination of autologous serum
eye drops, which supply defective tear components,
and punctal occlusion, which prolongs the effects of
these factors on the ocular surface, may make
LASIK possible in patients with severe dry eye.

In Sjégren’s syndrome, lacrimal glands are pro-
gressively destroyed with lymphocytic infiltration,
leading to a decrease in tear secretion.20%! Although
the degree of destruction of the lacrimal gland and
decrease in tear secretion do not always parallel
each other, it is expected that no tears can be
produced if healthy acini and ducts in the glands are
completely destroyed. We sometimes encounter
patients whose ocular surface damage does not
respond to extensive treatment of dry eye, even
though they have been managed effectively by the
same treatment previously. These patients usually
have a long history of Sjogren’s syndrome, possibly
with very little residual healthy lacrimal gland com-
ponents. Such patients with “absolute” dry eye are
probably not candidates for LASIK. Punctal plugs
are not expected to be effective because of very little
residual tears. Clear lens extraction or phakic
intraoccular lens may alternatively be indicated for
these patients. We decided that LASIK was indicat-
ed for our patients, who were not diagnosed with
absolute dry eye, because ocular surface damage
was improved with punctal plugs. Thus, it is imper-
ative that dry eye treatment with autologous serum
and punctal plugs-be commenced before surgery;
LASIK should not be performed until the ocular sur-
face damage is greatly reduced.

Although we report only three cases, our results
suggest that LASIK can be safely and effectively

214
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performed in severe dry eye patients associated
with Sjogren's syndrome when extensive preopera-
tive and postoperative dry eye management by a
combination of autologous serum e€ye drops and
punctal plugs is performed. However, careful atten-
tion must be paid to preoperative dry eye status and

tre

atment compliance of the patients when patient

selection is made. LASIK should be scheduled only
after the ocular surface findings have sufficiently
improved. Patients should be educated to use auto-
logous serum eye drops every 2 hours at least for
3 months postoperatively, when dry eye is expected
to worsen from LASIK. Thorough informed consent
concerning possible complications of LASIK in
patients with severe dry eye should be obtained.
Careful assessment of preoperative and postopera-
tive ocular surface status is mandatory. Also, it may

be

appropriate to inform these patients that clear

lens extraction or phakic intraccular lens may be an
alternative procedure to correct refractive errors.

1

2.
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Development of Autoimmune Exocrinopathy Resembling
Sjogren’s Syndrome in Adoptively Transferred Mice With
Autoreactive CD4+ T Cells
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Objective. The pathologic mechanisms responsi-
ble for organ-specific tissue damage in primary Sjo-
gren’s syndrome (SS) remain unclear, but it has been
suggested that the pathology is mediated by autoreactive
CD4+ T cells infiltrating the salivary and lacrimal
glands. This study was undertaken to investigate
whether «-fodrin autoantigen—specific autoreactive
CD4+ T cells are capable of inducing autoimmune
lesions.

Methods. A total of 45 synthetic a-fodrin peptides
designed to be 20 amino acid residues in length were
generated. To establish an autoreactive T cell line,
limiting dilution analysis (LDA) was performed on
lymph node cells (ILNCs) in the presence of a-fodrin
peptides. The effects of adoptive transfer of autoreactive
CD4+ T cells into normal syngeneic recipients were
investigated.

Results. Autoreactive CD4+ T cell lines that
recognize synthetic a-fodrin peptide, which produced
Thl cytokines and showed cytotoxic activities, were
established in a murine model for SS. T cell receptor Vg
usage and third complementarity-determining region
(CDR3) sequences indicated that in some cases Vg6-
CDR3 genes matched between the tissue-infiltrating T
cells and the autoreactive T cell lines. Adoptive transfer
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of the autoreactive CD4+ T cells info normal syngeneic
recipients induced autoimmune lesions quite similar to
those of 8§,

Conclusion. Our data help to elucidate the patho-
genic mechanisms responsible for tissue destruction in
autoimmune exocrinopathy and indicate that autoreac-
tive CD4+ T cells play a pivotal role in the development
of murine SS.

Primary Sjogren’s syndrome (SS) is a T cell-
mediated autoimmune disease, and autoreactive T cells
bearing the CD4 molecule may recognize unknown self
antigen, triggering autoimmunity in the salivary and
lacrimal glands and leading to clinical symptoms of
dryness of the mouth and eyes (sicca syndrome) (1,2).
Previously, we identified involvement of a 120-kd
a-fodrin autoantigen in the pathogenesis of primary S8
in humans and rodents (3,4), but the mechanisms for
tissue destruction in target organs remain unclear.

Although an important role for T cells in the
development of organ-sepcific autoimmune disease has
been suggested, it is not known whether disease is
initiated by a restricted inflammatory reaction to an
organ-specific autoantigen. In most cases, antigenic
challenge results in the establishment of immunologic
memory, a state in which the immune system is main-
tained to respond effectively upon recurrent antigenic
exposure. Autorcactive T cells generally respond to a
limited number of immunodominant epitopes in self
antigenic proteins, including myelin basic protein, thy-
roglobulin, and glutamic acid decarboxylase (5-8).
Thymectomy on day 3 after birth (3d-Tx) is followed by
the development of organ-specific autoimmune diseases
(9,10). The sld mutation in NFS/N mice (NFS/sld,
H-2D9) is involved in the mucous cell differentiation of
the sublingual gland (11). Using 3d-Tx NFS/sld mutant
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mice, we have established and analyzed a murine model
of primary SS in which the animals spontaneously de-
velop a disease with many of the characteristics of
human SS (12-14). The T cell receptor (TCR) V8 and
Vg6 genes are preferentially used in these lesions from
the onset of disease in the 3d-Tx NFS/sld mouse model
(12). However, little is known about the events triggering
T cell invasion of the the salivary and lacrimal glands in
prelude to the development of autoimmune lesions.

Alpha-fodrin is an actin-binding protein that is
found at the periphery of chromaffin cells and may be
involved in secretion (15). The stimulation of secretion
in parotid acinar cells is associated with dramatic re-
arrangements of the sub-plasmalemmal cytoskelton of
a-fodrin (16). In the present study we established
a-fodrin-reactive T cell lines capable of inducing auto-
immune lesions similar to those found in SS. Moreover,
the TCR V; usage and the third complementarity-
determining region (CDR3) sequences of the autoreac-
tive T cell lines were determined.

MATERIALS AND METHODS

Mice. NFS/N mice carrying the mutant gene sid (11)
were raised in our specific pathogen—free mouse colony.
Thymectomy was performed on day 3 after birth.

Histologic and immunchistologic analysis. All organs
were removed from the mice, and the sections were stained
with hematoxylin and eosin. Histologic grading of the inflam-
matory lesions was done determined as described previously
(17). Immunohistologic analysis was performed by the avidin—
biotin-immunoperoxidase method utilizing ABC reagent
(Vector, Burlingame, CA). Monoclonal antibodies used were
as follows: biotinylated rat monoclonal antibodies to CD4 and
CD8 (Cedarlane, Homby, Ontario, Canada), Mac-1 (Becton
Dickinson, Burlingame, CA), and B220, V8, V6,
interleukin-2 (IL-2), IL4, and interferon-y (IFNy) (all from
PharMingen, San Diego, CA).

Recombinant «o-fedrin autoantigen. Recombinant
a-fodrin protein, the complementary DNA (cDNA) encoding
human e-fodrin (JS-1: 1-1784 bp, 2.7A: 2258-4884 bp, 3'DA:
3963-7083 bp) (18) was constructed by inserting cDNA into
the Eco Rl site of pGEX~4T 1, 2, and 3. The mouse sequences
of a-fodrin are identical to the human sequences.

Assessment of proliferative T cell response. Single cell
suspensions of spleen cells and lymph node cells (LNCs) were
cultured in 96-well flat-bottomed microtiter plates (5 X 10°
cells/well) in RPMI 1640 containing 10% fetal calf serum
(FCS), penicillin/streptomycin, and g-mercaptoethanol. Cells
were cultured with each recombinant «-fodrin protein (J8-1,
2.7A, and 3'DA) (5 pg/ml). During the last 8 hours of the
72-hour culture period, 1 pCi of *H-thymidine was added per
well, and the incorporated radioactivity was determined using
an automated beta liquid scintillation counter. We isolated
tissue-infiltrating mononuclear cells from affected salivary
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glands as described previously (14). Infiltrating T cells were
purified using nylon wool {Wako, Osaka, Japan).

TCR Vj vsage and CDR3 sequencing of polymerase
chain reaction (PCR) products. To investigate the comparison
of clonotypes of infiltrating T cells in vivo and autoreactive T
cell lines, reverse transcriptase PCR (RT-PCR) was used to
discriminate the diversities in the D, J, and N regions. Total
RNA was prepared with Isogen {Nippon Gene, Tokyo, Japan),
and amplification was performed with Tag polymerase with 5’
primer specific for the TCR V6 and V8 genes and a 3’
primer specific for the TCR C, gene. The diluted sample (2 )
was electrophoresed in nondenaturing 5% polyacrylamide gels
containing 10% glycerol. After electrophoresis, the DNA was
transferred to Immobilon-S (Millipore, Intertech, Bedford,
MA) and hybridized with biotinylated C, probe, streptavidin,
biotinylated alkaline phosphatase, and a chemiluminescent
substrate system (Millipore Intertech). The inserted TCR
genes were sequenced with dye-labeled primers and AmpliTaq
DNA. polymerase (Applied Biosystems, Foster City, CA),
using a 373A automated DNA sequencing system (Applied
Biosystems).

Synthetic peptides. Peptides were synthesized using
TBOC chemistry with a model 430A peptide synthesizer
(Applied Biosystems, CA). A total of 45 synthetic peptides
designed to be 20 amino acid residues in length, overlapping by
5 amino acid residues, were generated.

Autoreactive T cell line. To establish an e-fodrin
peptide—specific T cell ling, limiting dilution analysis (LDA)
was performed as described previously (19,20), on LNCs in the
presence of a-fodrin peptides and irradiated syngeneic spleen
cells. LNCs from 3d-Tx NFS/sld mice (5 weeks old) were
cultured with a-fodrin peptides (10 pg/ml) in RPMI 1640
supplemented with 10% FCS, 10 mM HEPES, and 100 units
(100 pug/ml) 100 penicillin/streptomycin in 96-well plates at 1 X
10° cellspwell. On day 3, IL-2 (Genzyme, Cambridge, MA) was
added; cells were fed with media containing 0.5 ng/m! IL-2
every 3 days. On day 14, an aliquot was analyzed for reactivity
to a-fodrin peptides. Cells (1 X 10%) from each cell line were
cocultured with 1 X 10* irradiated autologous splenocytes in
duplicate for 72 hours. Alpha-fodrin-specific T cell lines
(stimulation index >3} were retested using synthetic peptides
and were maintained by restimulation at 10-14—day intervals
with e-fodrin peptide pulse-irradiated splenocytes. Following a
third round of stimulation, LDA revealed cloned T cell lines.
Autoreactive T cell lines were maintained by stimulation with
IL-2 and feeder cells at 7-10—day intervals.

Flow cytometric analysis. Single cell suspensions were
stained with antibodies conjugated to phycoerythrin (PE)
{anti-CD3 [Gibco BRL, Grand Island, NY]J; anti-CD4, B220)
or anti-CD4; fluorescein isothiocyanate (FITC) (anti-CDS8,
Thyl.2, anti-CD44, anti-CD45RB, anti-Mel-14 [the latter 4
from PharMingen]), and analyzed on an EPICS counter
(Coulter, Hialeah, FL). For analysis of intracellular cytokines
by flow cytometry, cells (10%/ml) were activated with immobi-
lized anti-CD3 moncclonal antibody (Cedarlane) for 4 hours.
Monensin (Wako) was added at 2 mM, and 2 hours later cells
were collected, washed, and permeabilized with 0.1% saponin
in phosphate buffered saline at 4°C for 10 minutes. Cells were
incubated with FITC-conjugated anti-IL-2 (8 pg/ml), PE-
conjugated anti-IL4 (5 pg/ml}, and FITC-conjugated anti-
IFNy (1 pg/mi) and analyzed on an EPICS counter,
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Cytotoxicity assay. Cytotoxicity assays were performed
ag described previously (21), using peptide-pulsed (10 pg/ml)
mouse salivary gland (MSG) cells labeled with *'Cr sodivm
chromate as target at a 1:50 target:effector ratio.

Cell transfer. To examine whether autoreactive CD4+
T cells induce autoimmune lesions, cells from T cell line 21-1
(1 X 10°) were injected intraperitoneally into irradiated (7.5
Gy) normal NFS/sid mice at 4 weeks, and analyses performed
at 8 weeks (n = 'Q and 12 weeks (n = 8) after the injection. As
controls, 1 X 10° splenic CD4+ T cells nonpulsed or pulsed
and with fibronectin fragment peptide (5 pg/ml; Sigma, St.
Louis, MO) from syngeneic mice were injected intraperitone-
ally into irradiated (7.5 Gy) NFS/sid mice and analyzed in the
same manner (n = 5 for each).

Measurement of flnid secretion. Measurement of tear
and saliva volume in the transferred NFS/sld mice was per-
formed by modification of previously described methods
(14,21,22).

Waestern blot analysis. To detect serum antoantibodies
against 120-kd «-fodrin antigen (3), samples were solublized by
heating, and separated by 10% sodium dodecyl sulfate—
polyacrylamide gel electrophoresis. The autoantigen was elec-
trotransferred to nitrocelfulose, which was then quenched with
1% powdered milk in borate buffered saline. Nitrocellulose
membranes were incubated with testing serum at a 1:200
dilution in borate buffered saline, and then incubated with
peroxidase-conjugated horse anti-mouse IgG (Vector) at a
1:1,000 dilution.

RESULTS

Establishment of autoreactive T cell lines. We
have previously identified a cleavage product of 120-kd
a-fodrin as an important autoantigen in the pathogene-
sis of primary SS in both humans and rodents (3,4). To
determine whether an immune response in mice with
experimental SS could be mounted against recombinant
a-fodrin protein, the cDNA encoding human a-fodrin
(JS-1, 2.7A, and 3'DA) were constructed by inserting
c¢DNA into the Eco RI site of pGEX-4T 1, 2, and 3.
When we compared, in parallel, the proliferative T cell
responses with individual recombinant e-fodrin fusion
protein, we detected a significantly increased prolifera-
tion in SS mouse LNCs, spleen cells, and tissue-
infiltrating T cells stimulated with JS-1 protein (N-
terminal portion of a-fodrin) (data not shown). By LDA,
we succeeded in isolating 3 strongly proliferative auto-
reactive T cell lines (clones 211, 21-2, and 21-3) from
JS-1 peptide (p21)-stimulated LNCs (Figure 1A), but
not from control peptide—stimulated cells. The majority
of autoreactive T cells were CD4+ cells bearing Vg6 and
containing Th1 cytokines such as IL-2 and IFNv, but not
IL-4 (Figure 1B). We confirmed that the autorcactive
CD4+ T cell lines had significant cytotoxicity, against
MSG cells from NFS/sld mice when tested in a ' Cr-release
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Figure 1. Establishment of antoreactive T cell lines. A, Three strongly
proliferative T cell lines (21-1, 21-2, 21-3) from J3-1 peptide p21-
stimulated lymph node cells were isolated and *H-thymidine incorpo-
rated measured. Values are the mean and SEM. B, Flow cytometric
analysis, showing that the majority of these T cells were CD4+ and
V .6+ and contained interleukin-2 (IL-2} and interferon-y (IFNv}, but
not IL-4. C, Results of 3'Cr-release assay, demonstrating that the
autoreactive CD4+ T cell lines had significant cytotoxicity when tested
against mouse salivary gland cells. Values are the mean from triplicate
studies.

assay (Figure 1C). In contrast, the autoreactive T cells did
not kill major histocompatibility complex (MHC)-matched
targets of newborn keratinocytes (data not shown).

The TCR Vg usage and the CDR3 sequences of
3 autorcactive T cell lines were determined by RT-PCR
amplification and sequencing of the PCR products.
Notably, in some cases these sequences (SISAETL and
SMQN) were homologous to V-D-J 8 sequences of the
T cells from affected glands of mice with experimental
SS at 8 weeks (Figure 2).

Development of autoimmune lesions after adop-
tive transfer of autoreactive CD4+ T cells. To analyze
whether the autoreactive T cells cause autoimmune
lesions, cells from CD4+ T cell line 21-1 (1 X 10°) were
transferred intraperitoneally into irradiated (7.5 Gy)
normal NFS/sld mice at 4 weeks. Organ-specific auto-
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Figure 2. T cell receptor V; gene usage and third complementarity-
determining region {CDR3) sequences of infiltrating T cells in NFS/skd
mice that bad undergone thymectomy on day 3 after birth and of
a-fodrin p21-specific lines (21-2, 21-2, 21-3), determined by reverse
transcriptase—polymerase chain reaction amplification and sequencing
of the polymerase chain reaction products, The V,6-CDR3 sequences
were homologous between the T cells infiltrating sativary glands and 3
autoreactive T cell lines (underlined).

immune lesions developed exclusively in the salivary and
lacrimal glands at 8 weeks (n = 7) and 12 weeks (n = 8)
after the injection with autoreactive T cell line 21-1,
while a transfer of splenic CD4+ T cells pulsed with
fibronectin fragment peptide did not induce any lesions
(Figure 3A). Histopathologic examination revealed no
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inflammatory lesions in other organs including the liver,
pancreas, adrenal glands, and reproductive organs of
mice treated with the autoreactive T cell line. This
suggests that a-fodrin-reactive CD4+ T cells are patho-
genic in vivo.

The majority of tissue-infiltrating cells in the
salivary and lacrimal glands of mice that underwent
adoptive transfer of autoreactive CD4+ T cells were
positive for CD4 and V6, but not for CD8 or V8
(Figure 3B). Very few B220+ B cells were present in
inflammatory lesions (results not shown). A large pro-
portion of Th1 cytokine—positive cells (IL-2, IFNvy), but
not IL-4-positive cells, was detected in the salivary
glands from autoreactive T cell line-treated mice (Fig-
ure 4A). Isotype-matched controls were all negative.
Moreover, the autoimmune lesions were accompanied
by significantly decreased secretion of saliva and tears
(Figure 4B). Serum autoantibody production against
JS-1 protein could not be detected in adoptively trans-
ferred mice (Figure 4C). T cell line-treated mice showed
a significant increase of autoantigen (JS-1 and p21)-
specific T cell proliferation in the spleen cells, while no
responses against ovalbumin or lysozyme were observed
(Figure 5A). The activation markers CD44"sh
CD45RB'®¥, and Mel-14°" were significantly up-
regulated in LNCs gated on CD4 from adoptively trans-
ferred mice (Figure 5B). Moreover, we found that
CD4+ T cells isolated from LNCs of the treated mice
had significant cytotoxicity when tested against MSG
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Figure 3. Adoptive transfer of autoreactive T cell line 211 into normal syngeneic recipients. A, Autoimmune lesions in the salivary and lacrimal
{Lac.} plands developed at 8 weeks (n = 7) and 12 wecks (n = 8) after intraperitoneal injection with cells from T cell line 21-1 (1 X 10°) into
irradiated (7.5 Gy) normal NFS/sld mice, but not in controls. Values are the mean and SEM. Par, = parotid gland; SM = submandubular gland;
Non-Tx = nonthymectomized. B, Representative histologic features in adoptively transferred mice at 12 weeks. The majority of infiltrating

lymphocytes were positive for CD4 and Vg6, but not for CD8 or V8.
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Figure 4. A, Immunohistologic features in adoptively transferred
mice. A large proportion of infiltrating cells in the salivary glands were
positive for Thi cytokines such as interleukin-2 (IL-2) and interferon-y
(IFNv), but not IL-4. B, Mean and SEM saliva and tear volume (n =
5 per group) in adoptively transferred mice, control-treated mice, and
nonthymectomized (Non-Tx) mice. C, Western blot analysis. Produc-
tion of autoantibodies to 120-kD o-fodrin was not detected in sera
from 3 different adoptively transferred mice.

cells from NFS/sid mice in a *'Cr-release assay (Figure
5C).

DISCUSSION

Autoreactive T cells are conventionally regarded
to be eliminated by negative selection in the thymus or
by the induction of peripheral tolerance (23,24). The
results described here demonstrate that o-fodrin—
reactive CD4+ T cells can induce autoimmune exocti-

nopathy in normal syngeneic mice. Although the speci-
ficity of cytotoxic T lympyocyte (CTL) function has been
an important issuc in organ-specific autoimmune re-
sponse, the mechanisms responsible for tissue destruc-
tion have not been elucidated. In type 1 diabetes melli-
tus, the role of environmental factors (25,26), the nature
of the initiating inflammatory cell (27,28), and the
identity of the inciting antigen(s) (29,30} have all been
vigorously debated. We have previously identified a
cleavage product of 120-kd o-fodrin as an important
autoantigen in the pathogenesis of primary SS in both
humans and rodents (3,4). We detected significantly
increased proliferation of lymph node cells, spleen cells,
and tissue-infiltrating T cells from model mice (3d-Tx
NFS/sid) stimulated with JS-1 protein (N-terminal por-
tion of a-fodrin).

We succeeded in isolating 3 strongly proliferative
autoreactive T cell lines (21-1, 21-2, and 21-3) from
JS-1 peptide (p21)-stimulated LNCs. The majority of
autoreactive T cells were CD4+ T cells bearing V46 and
containing Th1 cytokines such as IL-2 and IFNv, but not
IL-4. Of importance is that the autoreactive CD4+ T
cell lines had significant cytotoxicity when tested against
MSG cells in a 3'Cr-release assay. Furthermore, the
TCR Vg usage and the CDR3 sequences of 3 autoreac-
tive T cell lines were homologous to VDI, sequences of
the T cells from affected glands of mice with experimen-
tal SS. (Figure 2).

Previous studies have suggested that clonally
expanded T cell populations with restricted usage of
TCR gene segments may be essential for the develop-
ment of autoimmune diseases including SS (31,32).
However, the basis for TCR repertoire selection initiat-
ing autoimmunity has not yet been fully understood. It
should be noted that in this study, infiltrating T cell
sequences that are similar to, and in some cases match,
the sequences of the autoreactive T cell lines were found
(underlined in Figure 2). Previous work has demon-
strated that dual TCR T cells may rescue autoreactive T
cells from negative selection in the thymus (33). Our
data imply that the established autoreactive T cells are
found in the common TCR repertoire (Vz6-CDR3:
SISAETL). This notion is supported by work by Basu et
al (34) which demonstrates the binding of 2 separate
ligands, a self peptide (arthritic peptide), and a foreign
epitope, on distinct MHC areas by T cells bearing a
single TCR.

In the analysis of whether the autoreactive T cells
cause autoimmune lesions, we found that organ-specific
autoimmune lesions developed exclusively in the salivary
and lacrimal glands at 8 and 12 weeks after the intra-
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Figure 5. A, T cel! proliferation in spleen cells. Adoptively transferred mice showed a significant increase of autoantigen (JS-1 and peptide
21)-specific T cell proliferation, while no responses against ovalbumin (OVA) or lysozyme were observed. Values are the mean and SEM of
triplicate experiments. Non-Tx = nonthymectomized. B, Flow cytometric analysis, showing that the activation markers CD44P&h, CD45RB¥, and
Mel-14 were significantly up-regulated in lymph node cells gated on CD4 from adoptively transferred mice. C, Results of *'Cr-release assay,
demonstrating that CD4+ T cells isolated from lymph node cells of adoptively transferred mice had significant cytotoxicity against salivary gland

cells from NFS/sld mice. Values are the mean from triplicate studies.

peritoneal injection with autoreactive CD4+ T cells.
Adoptively transferred mice showed a significant in-
crease of autoantigen-specific T cell proliferation in the
spleen cells, while no responses against ovalbumin or
lysozyme were observed. The activation markers were
significantly up-regulated in LNCs gated on CD4 from
adoptively transferred mice, and CD4+ T cells isolated
from LNCs of transferred mice had significant cytotoxi-
city against MSG cells when tested in a !Cr-release
assay. These data indicate that the autoreactive CD4+ T
cells recognizing o-fodrin autopeptide are essentially
pathogenic for the development of organ-specific auto-
immune lesions in murine SS. Since serum production of
autoantibodies against «-fodrin autoantigen could not
be detected in transferred mice, it is possible that the
adoptively transferred disease in these experiments may
be entirely dependent on T cell-mediated immune re-
sponses. Thus, a critical autoreactive CD4+ T cell
function should be operative in the initial stages of the

disease, because the T cells in established lesions show
strong proliferative activity and secrete Thl cytokines.
Previous investigations have demonstrated the accumu-
lation of antigen-reactive T cells at the site of the
inflammation in several human autoimmune diseases as
well as in murine models of human autoimmune discases
(35,36).

In conclusion, we have demonstrated that
a-fodrin-specific autoreactive CD4+ T cell lines can be
established from a-fodrin peptide p21-stimulated LNCs,
and that the autoreactive T cells have significant cytotoxi-
city against MSG cells when tested in a CTL assay.
Moreover, we confirmed the development of auto-
immune lesions, quite similar to those found in S8, into
normal syngeneic recipients, using autoreactive CD4+ T
cells. The results of this study provide evidence of an
essential role for autoreactive CD4+ T cells specific for
a sclf peptide in the development of organ-specific
autoimmune discase in SS.
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In this study, we developed a murine model of xerostomia
to elucidate the mechanism of radiation-induced salivary
gland dysfunction and determined the levels of nitric oxide
(NO) in the salivary glands to assess its involvement in the
salivary dysfunction induced by radiation. In addition, an in-
hibitor of NO synthesis was administered to the model ir vivo,
and its effect on saliva secretion was investigated. Salivary
gland irradiation at a dose of 15 Gy caused a significant de-
crease in secretion compared to unirradiated salivary glands.
There were no marked differences between the irradiated
mice and unirradiated mice in water or food consumption or
in body weight changes. The NO levels in the cultured salivary
gland epithelial cells were increased by treatment with a com-
bination of interferon v (Ifng), interleukin B (I11b), and tumor
necrosis factor o (Tnfa). Irradiation increased the NO level
in the salivary gland tissue. The presence of Né-monomethyl-
L-arginine acetate (L-NMMA), an inhibitor of NO synthesis,
caused a decrease in the NO level in cultured salivary gland
tissues after irradiation. Administration of L-NMMA to irra-
diated mice improved saliva secretion. These results suggest
that excessive production of NO induced by radiation is in-
volved in the formation of radiation-induced xerostomia. The
finding that administration of an inhibitor of NO synthesis
ameliorated the dysfunction of irradiated salivary glands in-
dicates that NO plays a role as a mediator of the dry mouth
symptoms that occur after irradiafion. © 2003 by Radiation Research
Society :

INTRODUCTION

Radiotherapy is one of the most widely used modalities
in the treatment of malignant head and neck tumors, be-
cause of the importance of preserving the form and function
of organs. Since several vital structures are located in the
head and neck region, the radiation field often includes exo-
crine glands such as the salivary glands, possibly inducing

. ' Address for correspondence: Department of Oral Medicine, Tokyo
Dental College, 5-11-13, Sugano, Ichikawa, Chiba 272-8513, Japan;
e-mail: gyamane@tde.acjp.
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xerostomia as a result of salivary gland dysfunction, a se-
rious complication after irradiation (I-4). The direct tissue
toxicity of the radiation as well as various factors induced
by radiation, such as inflammatory cytokines, has been sug-
gested to be involved in the development of radiation-in-
duced xerostomnia (5—7). However, a great deal remains un-
clear concerning the pathogenesis of xerostomia, and no
treatment for this condition has been established. This is
partly attributable to the fact that no appropriate animal
model for studying this condition has been available, as
well as because the relationship between the conditions of
‘irradiation and mechanisms of secretory dysfunction have
not been investigated sufficiently (8, 9).

Nitric oxide (NO) is a radical that has a short half-life
and that has been identified as a vascular endothelium-de-
rived relaxing factor (J0-13). It is generated when the sub-
strate L-arginine is converted into L-citrulline by NO syn-
thase (NOS) (I4). NO not only exerts physiological actions,
such as regulation of the circulation, but also induces the
development of various pathological conditions when it is
produced in excess. NO has been reported to be an impor-
tant mediator in the induction of inflammatory reactions
through enhancement of vascular permeability and cytotox-
.ic activity (15-18). Inducible NOS (iNOS) has been found
to have a cytokine reaction site in its promoter region, in-
dicating that its expression is induced by inflammatory cy-
tokines, and interferon vy (Ifng) clearly induces the forma-
tion of NO and also enhances the production of NO in
inflammatory states through synergistic action with inter-
levkin 18 (111b) and tumor necrosis factor « (Tnfa) (J9~
21). Based on these findings, the present study was de-
signed to elucidate the role of NO in secretion of the saliva
using ‘a murine model of radiation-induced salivary gland
dysfunction.

MATERIALS AND METHODS
Animals

Six-week-old male and female ICR mice (body weight 35-38 g; Clea
Japan Inc., Tokyo) were used. The mice were housed in polycarbonate
cages in a specific-pathogen-free mouse colony and given food and water
ad libitum. Each group of animals was used in the study after 1 week of



