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the vitreous base in APROP. Further investigation also ix
needed o oblain long-term functional outcomes ol carly

vitrectomy for APROP with continuous management of

aphakic cyes.
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Evaluation of filtering bleb function by thermography
S Kawasaki,' S Mizoue," M Yamaguchi," A Shiraishi,’ X Zheng," Y Hayashi,” Y Ohashi’

ABSTRACT

Aim: To determine whether thermography can be used to
avaluate bleb function.

Methods: The surface temperatures of filtering blebs
from 39 eyss of 33 post-trabeculectomy patients were
measured using thermography. We introduced a new
parameter: the temperature decrease in the filtering bleb
{TDB) where TDB = {mean temperature of the temporal
and nasal bulbar conjunctiva)—(tempearature of the filtering
bleb}. The eyes were classified into good and poor
intraocular pressure {I0P) contral groups according to the
patients’ postoperative 10P. The morphelogical appear-
ance of the filtering blebs were classified by slit-lamp
images according to the Indiana Bleb Appearance Grading
Scale. The differences in TDB were analysed statistically.
Results: Mean overall scores were as follows. The TDB
were 0.54 {SD 0.20)°C and 0.21 {SD 0.18)"C for the good
and poot 10P contral groups, respectively. The difference
hetween the TDB of the two 0P control groups was
significant (p=20.0001}, but there was no significant
relationship between marphological classification and
TDB.

Conclusions: Thermographic measurements suggest
that functional blebs have lower temperatures than non-
functional blebs, and their morphological appearances are
not affected by ther temperature. Thermography may be
useful for the evaluation of bleb function.

Trabeculectomy 1s widely performed as a reliable
surgical procedure for reducing intraocular pressure
(IOP). In postoperative management, slit-lamp
biomicroscopy is routinely used to check bleb
function. Generally, filtering blebs are classitied
into three categories: cystic, diffuse and flat
blebs.' * A more precise classification system has
been introduced recently.” The clinical features of

poorly functioning blebs are well
described. ™ However, evaluating bleb function
by slit-lamp is not always accurate nor easy. To
overcome this problem, the internal structure of
filtering blebs has been examined by ultrasound
biomicroscopy (UBM),” * optical coherence tomo-
graphy (OCT)”""" and in vivo confocal microscopy
(Rostock cornea module).” * In spite of such
advanced morphological methods, there are still
limitations in accuracy and reliability.

Essentially, in a well tunctioning bleb, aqueous
humour flows out of the scleral flap to perfuse the
subconjunctival space. We hypothesised that dif-
ferences in aqueous humour dynamics in filtering
blebs might be reflected as differences in surface
temperature. Therefore, we tried to measure the
temperature of filtering blebs by thermography.
Thermography is a non-invasive technique used to
measure the surface temperature of an object by
detecting the intensity of infrared light that is
emitted from the object. It was introduced into the

well  or

Br J Ophihalmal 2009;93:1331-1336. doi10.1136/bj0.2008.152066

medical field in 1957 by Barnes' and has been used
in ophthalmology since the mid 1960s,” particu-
larly for the diagnosis of dry eye syndrome and
other ocular swiface disorders.”® However, the
temperature of a filtering bleb has never been
measured before. In this study, we examined the
relationship between bleb function and the tem-
perature of the filtering bleb.

MATERIALS AND METHODS

Study protocol

Thirty-five consecutive patients {41 eyes of 20 men
and 15 women) were studied between September
2003 and September 2006, Two patients were
excluded from the study because full exposure of
the filtering bleb was difficult due to extremely
narrow lid fissures and conjunctival scarring,
respectively. Therefore, 39 eyes were analysed over
6 months after the last trabeculectomy.

Surgeries were performed in the Ophthalmelogy
Division of Minami Matsuyama Hospital between
November 2000 and February 2006. In all cases, a
surgical sponge soaked with 0.04% mitomycin C
was applied around the site of the scleral flap for
3 min, followed by rinsing with 200 ml of balanced
salt solution (Alcon, Fort Worth, Texas, USA).

The type of glaucoma, age, preoperative 10OP,
postoperative 10P, duration from surgery to
thermography, location of the conjunctival tlap,
and morphological appearance of the filtering bleb
were recorded for each patient.

Measurement of ocular surface temperature by
thermography

A non-contact thermographic device (TH1106;
NEC San-ei Instruments, Tokyo, Japan) was used.
This instrument can detect temperatures ranging
from ~10°C to 70°C, with a minimum tempera-
ture resolution of 0.025°C. One second was
required to perform each measurement. The
temperature data were transformed into a colour-
coded image that was displayed in real time on a
monitor with a resolution of 256x207 pixels. Its
focal range was set from 20 cm to infinity. Using
the highest magnification, the ocular surface was
measured in one frame, 30.0 mm x 284 mm, so
that 1 mm” was equal to 8x8 pixels when the
instrument was positioned 20 cm from the ocular
surface. The thermographic device was calibrated
using a black body radiator on a regular main-
tenance schedule.

Each subject was examined in a room at 26.0 (SD
1.5)"Cand 40.0 (SD 5.0)% humidity, with standard
indoor levels of illumination and no air drafts. We
measured the ocular surface temperature after the
subject had rested for 15 min in a natural state,
according to Kabayama's technique." The thermo-
graphic device was set up 20 em in front of the eye,
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and the head was held steady by a head-holder frame. First, the
subject was instructed to open his eves naturally and look
straight ahead. and after a blink. a measurement was made.
Then, the examiner raised the upper evelid and instructed the
subject to look downward to expose the bleb, and another
measurement was made within 1 s. The temperature was
measured within | s of opening the eye, because ocular surface
temperature is known to change during eye opening.™ Thus the
measurement taken at the time point immediately after eyelid
opening was thought to reflect most accurately the surtace
temperature of bleb when it was covered by the cyelid. All
thermographic measurements were performed in a special
examination room used only for thermography by one examiner
who was not given any Information about the subjects’ 10D
control

To establish the location of the bleb in reference to the cornea
and conjunctiva, slit-lamp digital photographs were taken at the
same time and the same magnification as the thermograms.
Each reglon of interest. corresponding to the centre of the
corned, the temporal and nasal bulbar conjunctiva, and the
filtering bleb, was electronically outlined with a box measuring
16 16 pixels. The computer determined the mean value for the
pixels. The temperatures of the temporal and nasal bulbar
conjunctiva were determined at the midpoint between the
corneal limbus and either the medial or lateral canthus, and the
temperature of the fileerning bleb was determined at the centre of
the scleral fap.

Comparing temperatures as absolute values may not be
appropriate, because body temperature varies among indivi-
duals. To resolve this problem, we introduced a new parameter:

Tahle 1 Detailed patient information
Duration from IBAGS grade
surgery to
lop Type of Age Preop [OP  Paostop IOP thermography Base of the

Case control*  glaucama Sex {years)  {mmHg) {mmHg) {months) conjunctival flap  H E v S TDB {C)
1 Good POAG f 83 37 14 12 Limbal 2 1 1 0 0.55
2 Good POAG F 83 30 15 6 Limbal 2 2 1 1 0.30
3 Good POAG F 79 17 1 12 Fornix 1 1 1 0 0.55
4 Good POAG F 77 24 13 16 Fornix 1 2 3 ] 0.35
5 Good POAG F 14 17 13 49 Limbal 2 3 1 0 0.45
[} Good POAG F 74 35 12 14 Fornix 2 2 2 0 0.45
7 Good POAG F 74 24 9 14 Fornix 2 2 2 0 0.25
8 Good POAG F 67 33 " 12 Fornix 2 2 0 1 0.70
9 Good POAG M 83 20 13 20 Fornix 2 2 0 0 0.60
10 Good POAG M 62 31 13 26 Limbal 3 3 1 0 0.45
1" Good POAG M 55 16 13 7 Limbal 2 2 1 0 0.70
12 Goad POAG M 55 16 14 6 Limbal 2 1 1 1 0.40
13 Good PEG F 14 18 13 6 Limbal 0 0 2 0 0.85
14 Good PEG F 74 18 13 Limbal 0 0 3 0 0.95
15 Good PEG F 70 24 10 13 Limbal 2 2 3 0 0.20
16 Good PEG M 85 20 7 37 Limbal 1 1 2 0 0.45
17 Good PEG M 84 25 12 6 Limbal 0 0 3 0 0.40
18 Good PEG M 70 35 8 54 Limbal 1 3 0 0 0.45
19 Good PEG M 67 28 13 6 Limbat 0 0 3 0 0.95
20 Good SG-n F 72 38 8 43 Fornix 2 2 1 i 0.70
21 Good SG-n F 66 47 10 14 Fornix 3 2 i 0 0.55
22 Good SG-u F 65 24 16 28 Limbal 3 2 1 0 0.70
23 Good SG-n M 70 28 16 [ Limbal 3 3 0 1 0.50
24 Poor POAG M 82 19 167 28 Fornix 1 2 3 0 0.25
25 Poor POAG M 76 28 14% 12 Limbal 1 2 0 1 0.30
26 Paor POAG M 76 18 17% 40 Limbal 1 1 g 1] 0.55
27 Poor POAG M 74 18 163 43 Limbal 1 1 0 0 0.45
28 Poor POAG M 69 28 16+ 24 Limbal a 0 3 0 0.20
29 Poor POAG M 48 35 14+ 55 Limbal 1 2 2 0 0.05
30 Poor PEG M 81 30 16% 33 Fornix 0 i 2 0 —-0.05
31 Poor PACG F 69 22 17% 27 Fornix 0 0 2 0 0.05
32 Poor POAG F 77 22 21% 60 Limbal 1 0 3 0 0.15
33 Poor POAG M 72 25 23% 12 Limbat i 1 2 0 0.10
34 Poor POAG M 70 42 233 1 Fornix 1 1 3 g 0.00
35 Poor POAG M 66 19 247 43 Limbal 2 3 0 0 0.15
36 Poor PEG M 79 28 237 6 Limbat 3 2 3 0 0.40
37 Poor PEG M 75 26 21% 12 Fornix 1 i 1 1 0.05
38 Paor SG- F 48 46 247 19 Limbal 3 3 1 0 0.20
39 Poor SG-n F 40 42 263 6 Limbal 3 3 i 0 0.50

E, extent; H, height; IBAGS, Indiana Bleb Appearance Grading Scale; PACG, primary angle-closure glaucoma; PEG, pseudoexfoliation glaucoma; POAG, primary open-angle
glaucoma; S, Seidel test; SG, secondary glaucoma caused by neovascularisation of the angle (-n), uveitis {-u), or the iridocorneal endothelial syndrome (-i); TOB, temperature

decrease in the filtering bleb: V, vascularity.

“Good: 10P =221 nunHg without antiglaucoma medications; poor: filtering blebs with antiglaucoma medications for elevated 10P.

+With two topical medications; fwith three topical medications.
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Figure 1

the temperature decrease in the filtering bleb (TDB). The
temperature of the upper conjunctiva was assumed to be the
original temperature of the filtering bleb. Therefore, the mean
temperature of the temporal and nasal bulbar conjunctiva was
substituted for the temperature of the upper conjunctiva. TDB
is described by the equation TDB = (mean temperature of the
temporal and nasal bulbar conjunctiva)-(temperature of the
filtering bleb).

Classification of subjects according to I0P control

Filtering blebs were classified by 1OP control according to
criteria from previous studies.'” Functioning blebs, the good
IOP control group, were defined as those with an [OP
<21 mmHg without antiglaucoma medications, and failed
blebs, the poor [OP control group, were defined as those who
had received more than two eye drops of antiglaucoma
medications for elevated 10OP =21 mmHg in the past. The
differences between the two groups were examined.

Morpholegical assessments

It is clinically important to examine whether TDB is affected by
the morphological appearance of the filtering bleb. Filtering
blebs were classified by slit-lamp examination according to the
Indiana Bleb Appearance Grading Scale (IBAGS)® blebs were
graded for height (F0-3), extent (E0-3), vascularity (V0-4), and
leakage with the Seidel test (50-2) in a masked manner. We
examined the relationship between the morphological appear-
ance and temperature of the filtering blebs.

Table 2 Mean temperatures and statistical analyses of the good and
poor intraocular pressure control groups

iop

control Temparal Nasal Filtering

group Cornea conjunctiva conjunctiva  bleb TDB

Good 35.45 (0.53) 35.87 (0.48) 36.01 (0.48) 35.40(0.50)  0.54 {0.20}
Poor 35.53 (0.50) 35.92 (0.43) 36.05(0.42) 35.78(0.43)  0.21 (0.18)
p Value 0.6063 0.6991 0.8523 0.0307* <20.0001~*

10P, intraocular pressure; TDB, temperature decrease in the filtering bleb,
Values are mean {SD}.
*Mann-Whitney U test.

Br J Ophthalmol 2009;93:1331-~1336. doi:10.1136/bj0.2008.152066

Representative slit-lamp photographs and thermograms from the good and poor intraocular pressure control group are shown. Dotted lines
are drawn along the edge of the filtering bleh. Case 22 (A, B belongs to the good 0P control group and case 35 (C, D) belongs to the poor 0P control
group. Fach thermogram is divided into eight different colours in 0.2°C steps from dark blue to pink. In the forward gaze (A, C), the carnea is displayed
as blue or green and the temporal and nasal bulbar conjunctiva as red or pink. In the downward gaze, the filtering bleb of the good 1GP control group
{case 22; {B)) is shown as green or blue, meaning that its temperature is clearly lower than that of the surrounding bulbar conjunctiva. Meanwhile, the
filtering bleb of the poor 0P control group {case 35; (D)) is represented as yellow or pink, meaning that its temperature is almost same as that of the
surrounding bulbar conjunctiva.

Statistical analyses

The y° test, Fisher's exact test, Mann-~Whitney U test or
ANOVA were used to determine the statistical significance of
any differences. The level of significance was set at p<0.05.
Pearson’s correlation coefficient was used for examining
correlation, and intraclass correlation coefficients were used
for examining the reproducibility of our thermographic mea-
surements.

RESULTS

The details of the subjects are summarised in table 1. The mean
age of the subjects at the time of thermography was 70.9 (SD
10.4) (range 40-85) years. There were 23 filtering blebs in the
good [OP control group and 16 filtering blebs in the poor 10P
control group. No significant differences between the two
groups were found in the type of glaucoma (p = 0.5193, 7 test),
age (p=10.6675, Mann-Whitney U test), preoperative 10P
(p=0.4656, Mann-Whitney U test), time from surgery to
thermography (p = 0.1270, Mann-Whitney U test) or site of the
base of the conjunctival flap (p>0.9999, Fisher’s exact test).

Reproducibility

The reproducibility of our thermographic measurements was
examined. Thermography was performed three times at
intervals of more than { min in {1 eyes in forward gaze and
22 eyes in downward gaze that were selected randomly from
the subjects. The intraclass correlation coefficients for the
temperature at the centre of the cornea, the temporal bulbar
conjunctiva, the nasal bulbar conjunctiva and the filtering bleb
were 0.9748, 0.9811, 0.9768 and 0.9680, respectively.

Correlation hetween IOP reduction and TDB

In this study, there were 13 well-functioning blebs that received
full antiglaucoma medications {three or more eyedrops with oral
acetazolamide therapy) before trabeculectomy (cases 1, 2, 4,
6-8, 10, 15, 17, 18, 20, 21 and 23). We examined the correlation
between 1OP reduction and TDB in these 13 cases. The mean
IOP reduction was 20.9 (5D 7.4) mmHg and the mean TDB was
0.43 (SD 0.15) C. The two factors were correlated {(Pearson’s
correlation cocfficient: 0.6822, p = 0.010196).
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Figure 2 Representative thenmograms
of both cystic and flat blebs in the good
and poor intraocular pressure control
groups are shown. Dotted lines are drawn
along the edge of the filtering bleb. Cases
10 and 19 belong to the good I0P control
group and cases 34 and 39 belong to the
poor |OP control group. In the good 10P
control group, the temperature of the
filtering bleb is clearly lower than that of
the surrounding bulbar conjunctiva, even
if no cystic bleb is recognised in the slit-
lamp examination. In the poor 10P control
group, the temperature of the filtering
bleb is almost the same as that of the
surrounding bulbar conjunctiva, even if a
filtering bleb with a cystic appearance is
present.

Comparison of ocular surface temperature

Ocular surface temperatures and statistical analyses of the good
and poor 10D control groups are listed in table 2. There were
significant differences between both the temperature of the
filtering bleb and the TDB of the two groups. Figure 1 shows
typical thermograms of the good (case 22 (fig 1A, B} and poor
{case 35 (fig 1C, D)) [OP control groups. The temperature of the
filtering bleb was clearly lower than that of the surrounding
bulbar conjunctiva in the good 10F control group, while the
temperature of the filtering bleb was almost the same as that of
the surrounding bulbar conjunctiva in the poor control group.

Effects of morphological appearance

We examined the relationship of TDB to the morphological
appearance of the filtering blebs classified based on the IBAGS?
{table 3). Statistical analyses showed no significant relationship
between the TDB and any of the morphological factors. Figure 2
displays thermograms of cystic and flat blebs from each of the
two groups. In the good 1OP control group (cases 10 and 19), the
temperature of the filtering bleb was lower than that of the
surrounding bulbar conjunctiva, irrespective of its morphology.
In the poor IOP control group {cases 39 and 34), the

1334

temperature of the filtering bleb was almost the same as that
of the surrounding bulbar conjunctiva.

In addition, we examined the blebs to determine whether
there were differences between the morphological appearances
of the good and poor 1OP control groups. Statistical analyses
showed that the differences between the two groups were not
significant (height (H) p=0.1580; extent (E) p=10.3872;
vasularity (V) p=0.6045; Seidel test (5): p=0.7546; Mann—
Whitney U test).

DISGUSSION

In the present study, we showed that the mean surface
temperature of che filtering blebs in the good 10OP control group
was lower than that of the poor IOP control group.
Furthermore, we introduced a thermographic index, TDB, to
correct for body temperature. which varies among individuals.
The TDB of the good IOP control group was significantly lower
than that of the poor IOP control group. It could be argued that
the marphological appearance, especially the vascularity, of the
filtering bleb may affect its temperature. In this study, a
thermographic measurement of each filtering bleb was made
within | s after exposing the bleb, and as shown in table 3, there

Br J Ophthalmol 2009;83:1331-1336. doi:10.1136/0j0.2008.152066
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Table 3 Relationship of TDB to the morphological appearance of the
filtering blebs determined based on the IBAGS

IBAGS grade n TDB {-C) p Value
Height (H)
0 7 0.479 (0.434)
1 13 0.285 (0.198) 0.2231*
2 12 0.454 {8.199)
3 7 0.471 (0.152)
Extent (E)
0 8 0.438 {0.418)
1 9 0.344 (0,228} 0.8453
2 15 0.433 {0.214}
3 7 0.386 (0.146)
Vascularity {V)
0 8 0.462 {0.173)
1 13 0.469 {0.196) 0.3183*
2 8 0.269 (0.300)
3 10 .385 {0.321}
Seidel test (S)
0 33 0.411 (0.263) 0.7546%
1 6 0.375 {0.219)

IBAGS, Indiana Bleb Appearance Grading Scale; TDB, temperature decrease in the
filtering bleb.

Values are mean {SD).

*ANQVA; +Mann—Whitney U test.

was no significant correlation between the TDB and the
morphological appearance of the filtering blebs as determined
by the IBAGS.” Thus, the surface temperature of the filtering
bleb was correlated with postoperative 1OP control, regardless
of whether the morphological appearance appeared flat or
vascularised. These results imply that thermography may be
useful to assess bleb function.

Some morphological approaches have been developed recently
to assess bleb function. UBM has been widely used because it
provides useful information through images of the scleral flap
and its surrounding structure. However, assessments of bleb
function using UBM are sometimes unreliable.™ In one study,’
the IOP was assessed as poor in six of 89 eyes with Type L blebs
where the actual 10P was generally good. In another study,
phacoemulsification significantly increased the IOT in eyes with
filtering blebs, but the intrableb features did not change in the
UBM image. Anterior segment OCT has been introduced to
assess bleb function as a non-invasive examination. Generally.
OCT shows that a functional bleb has a large hyporetlective
space with a collection of fluid. Savini er al reported that
hyporetlective fluid-tilled spaces were not clearly visualised in
two of 21 eyes with the good LOP control.” Leung et al reported
that subconjunctival fluid spaces could not be detected in two
flattened blebs with good 10P control.”” Singh ¢t af found that
the majority of successful blebs demonstrated thickening of the
bleb wall, but thickening was also found in six of 21 failed
blebs.' Thus, there are some limitations in the accuracy of these
methods for assessing bleb function.

In a well functioning bleb, the aqueous humour flows
continuously out of the scleral flap to perfuse the subconjunc-
tival space around the filtering bleb. In a poorly functioning
bleb, on the other hand, the amount of aqucous humour
flowing into the ‘filtering bleb is small, and therefore the
aqueous humour turnover in the subconjunctival space is
reduced. In a report by Heys er af. when the temperature of
the ciliary body and the iris was specified to be 37.0°C, the
temperature of the aqueous humour near the cornea was
calculated to be 34.4°C.7" Since aqueous humour cooler than the

Br J Ophthalmol 2009,93:1331-1336. dni10.1136/bj0.2008.152066

sutrounding tissue is constantly flowing through a well-
functioning bleb, this may cause the temperature of the cornea
and filtering bleb to decrease to a level lower than that of the
surrounding conjunctiva. On the other hand, a poorly function-
ing bleb is warmed by the eyelid and the conjunctiva, and
therefore its temperature would be expected to remain the same
as the surrounding tissue. Thermography may capture this
phenomenon. Even if no cystic bleb is recognised in a slit-lamp
examination, thermography can detect an area at the site of the
scleral flap that is cooler than the surrounding bulbar
conjunctiva, indicating that fresh aqueous humour may be
flowing in the subconjunctival space around a filtering bleb (see
case 19 in fig 2). Furthermore, even if a filtering bleb with a
cystic appearance is present. thermography can show that the
bleb 1s not functional; if an area cooler than the surrounding
bulbar conjunctiva is not detected at the site of the scleral flap,
this indicates that aqueous humour may not be flowing
efficiently (see case 35 in fig 1 and case 39 in fig 2).

The TDB of each subject is shown in table 1. If the threshold
level of the TDB for a well functioning bleb is defined to be
=040 C, there are 19 filtering blebs (82.6%) in the good 10P
control group and four filtering blebs (25.0%) in the poor 10P
control group. These results are significantly correlated with
bleb function {p = 0.0007; Fisher’ exact test). We examined the
four exceptional filtering blebs in the poor IOP control group by
UBM. The results of UBM suggested that two filtering blebs
(case 26 and 39) were poorly functional (type E: encapsulated
bleb); however the other filtering blebs (case 27 and 36) were
fairly functional (type H: high-reflective bleb) according to
Yamamoto's classification.” Unfortunately, we are unable to
explain why the 1OP was elevated in the latter two cases,
suggesting that similar to OCT and UBM, our thermographic
method also has limitations. Thus, the efficiency of evaluating
bleb function can be improved by using a combination of
multiple examinations including OCT and UBM. In addition,
improved software or more accurate instruments may be
helptul to carry out more precise examinations. In this regard,
we are developing an instrument that is specifically suitable for
ocular surface thermography.

In conclusion, thermography sheds new insight on the
evaluation of bleb function and may become another useful
method for evaluating bleb function.

Competing interests: None declared.

Ethics approval: The procedures used in this study conformed to the guidslines
adopted by the Declaration of Helsinki. The Institutional Review Board of the Ehime
University Graduate School of Medicine and Minami Matsuyama Hospital approved the
axperimental protocol.

Patient consent: Obtained.

Provenance and peer review: Not commissioned; externally peer 1eviewed.

REFERENCES
1. Vesti E. Filtering blebs: follew up of trabeculectomy. Ophthalmic Surg 1993,24:243~
55.

2. Pight G, Grehn F. Classification of filtering blebs in trabeculectomy: biomicroscopy
and functionality. Curr Opin Ophthalmol 1998;9:2-8.

3. Canter LB, Mantravadi A, WuBunn D, et al. Morphologic classification of filtering
blebs after glaucama filtration surgery: the Indiana Bleb Appeatance Grading Scale.
J Glaucoma 2003;12:266-71.

4. Hu GY, Matsuo H, Tomita G, et al. Clinical characteristics and leakage of functioning
blebs after trabeculectomy with mitomycin-C in pnmary glaucoma patients.
Ophihalmeloyy 2003;110:345-52.

5. Migdal C, Hitchings R. The developing hleb: effect of topical antiprostaglandins on

the autcome of glaucoma fistulising surgery. Br J Ophthalmol 1983,67:655-60.

Richter CU, Shingleton BJ, Bellows AR, et al. The development of ercapsulated

fittering blebs. Ophthalmoiogy 1988:95:1163--8.

7. Yamamoto T, Sakuma T, Kitazawa Y. An ultiasound biomicroscopic study of filtering
blebs after mitomycin C trabeculectomy. Ophthaimology 1995;102:1770-6

=2

1335



@

15.

1336

Downloaded from bjo.bmj.com on March 2, 2010 - Published by group.bmj.com

Wang X, Zhang B, Li S, et ai. The effects of phacoemulsification

on inwraocular pressure and ultrasound biomieroscopic image of filtering

bleb in eyes with cataract and functioning filtering blebs. £ye 2008;23:112-16.
Savini G, Zanini M, Batbont P. Filtering blebs imaging by optical coherence
tomography. Chin Expenment Ophthalmaol 2005;33:483-8.

Leung CK, Yick DW, Kwong YY, et a/. Analysis of blel: morphology after
trabeculectomy with the Visants anterior segment optical coherence tomography.
Br J Ophthaimol 2007,91:340-4.

Singh M, Chew PT, Friedman DS, et al. Imaging of trabeculectomy

blebs using antetior segment optical coherence tomography. Ophthaimology
2007:114:47-53.

Messmer EM, Zapp DM, Mackert MJ, et al. In vive confocal

mictoscopy of filtering blebs after trabeculectomy. Arch Ophthaimol
2006;124:1095-103.

Labbe A, Dupas B, Hamard P, st a/. In vivo confocal microscopy study of blebs after
filtering surgery. Opfthalmology 2005,112:1979-86.

Barnes RB. Thermography of the human body. Scignce 1963;140:870-7.
Mapstone R. Ocular thermography. Br J Opathalmel 1970;54:751-4.

20.

21.

22.

23.

24,

Kabayama T, Suzuki H, Honuchi 7, et a/. Ganka Thermogiaphy No Kenkyu [Studiss

on thermography—-its clinical application for ophithalmologyl. Nippon Ganka Gakkai

Zasstn 1979;83:326-35.

Efron N, Yourg G, Brennan NA. Ocular surface temperatute. Curr Eye Res 1989;8:901-6.
Morgan PB, Sok MP, Efion N, et al. Potential applications of ocular thermegraphy.
ntam Vis S¢i 1993,70:568-76.

Morgan PB, Tullo AB, Efron N. Infrared thermography of the tear film in dry eye. £re
1995,9:615-8.

Mori A, Oguchi Y, Okusawa Y, ef al. Use of high-speed, high-resolution

thermography to evaluate the tear film layer. Am J Ophthalmol 1997,124:729--35.
Craig JP, Singh I, Tomlinsen A, et al. The role of tear physiology in ocular surface

temperature, fye 2000;14:635-41.

Purstow C, Wollfsohn JS. Ocular surface temperatute: a review. £ye Contact Lens

2005;31.117-23.

Purslow C, Wolffsohn J. The relation between physical properties of the anterior eye

and ocular surface temperature. Optom Vis Sei 2007,84:197-201.

Heys Jd, Barocas VH. A boussinesq model of natural convection in the human eye

and the formation of Krukenberg's spindle. Aan Biomed Eng 2002;30:392-401.

Br J Ophthalmol 2009;93:1331-1336. doi:10.1136/bj0.2008.152066



Genetic Dissociation of Dacryoadenitis and Sialadenitis
in a Sjogren’s Syndrome Mouse Model with Common
and Different Susceptibility Gene Loci

, > , . , . . . , .1
Tomnoyuki Kamao,'” Tatsubiko Miyazaki,' Yoshiko Soga," Hiroaki Komori,
Mibo Terada,' Yuichi Obashi,® and Masato Nose'

PrRrPOSE. Sjogren’s syndrome (88) is a systemic autoinumune
discase in which the main lesions arc dacryoadenitis and sialad-
enitis. Tt is unclear whether these lesions develop in a common
genetic background. A quantitative trait locus (QTL) analysis
wus performed in the 8§ mouse model. MRL/MpJ-ipr/ipr (MRL/
Ipry, to identify the susceptibility loci to dacryoadenitis and
sialadenitis and the association with both loci.

Metuons. MRLU/Apr. C3H/Hcl-ipr/ipr (C3H/1pr), (MRL/Ipr X
CAH/Ipr) F1, and (MRL/Ipr X C3H/Ipr) F2 intercross mice were
prepared, and the scverity of dacryoadenitis and sialadenitis in
individuals was quantificd by histopathologic grading. In
genomic DNA samples from the F2 mice, the polymorphic
microsatellite markers highly associated with each lesion were
determined as susceptibility loci,

Resurrs. QTLs with significant linkage for dacryoadenitis were
mapped on chromosome 1 (the position of maximum loga-
rithm of odds [LOD] score: 64.1 ¢M), designated Adacm 1,
chromosome 2 (88.4 ¢M), Adacin2, and chromosome 5 (63.9
€M), Adacm3. Those for sialadenitis were mapped on chromeo-
somce 1 (09.0 cM), dsni3, and chromosome 2 (65.3 ¢M and 82.1
M), Asmd and Asms. Adacinl/Asm3 and Adacin2/Asni5
seemed to be a common chromosomal region, respectively.
MRL-homozygous at Adacm ] and Adacm?2 and at Asm3 and
Asm s manifested an additive effect on the development of
dacryoadenitis and sialadenitis, respectively, whereas Adacm3
did not.

Conctustons. Dacryoadenitis and sialadenitis in MRL/Ipr mice
are under the control of common and different susceptibility
toci, with an allelic combination that leads to regular variations
in pathologic phenotypes. (Inwvest Ophthalmol Vis Sci. 2009
50:3257-3265) DOL10.1167/iovs.08-3132

jogren’s syndrome (8S) is a systemic autoimmune discase.
However, the main lesions in 88 are in the lacrimal glands
and salivary glands, associated with autoimmune mechanisms.
These lesions are commonly characterized by the destruction
of the ductules at their beginning, by the accumulation of
mononuclear cells followed by destruction of the acinar
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glands.’ However, it is unclear whether these lesions develop
in a common genetic background.

An investigation of the clinical symptoms in patients with SS
showed that the incidence of dry eye is 67.5% and that of dry
mouth is 93.5%.% when based on the European Community
criteria.* Other studies showed that the frequency of both
symptoms in S8 is 82.5%," according to the revised European
classification criteria.>® These results suggest that almost 20%
to 30% of patients with 8§ do not have cither dry eye or dry
mouth. Although the laboratory tests in patients with S8 re-
vealed that 80.7% of the patients with 8§ are positive for the
ocular component and 94.7% of those are positive for the oral
component.” This result means that almost 20% of patients
with 88 do not have cither dysfunction of the lacrimal glands or
salivary glands. Histologic examinations of biopsy specimens
from lacrimal glands and minor salivary glands in patients with
$8 showed that 69.2% of patients with SS met the histopatho-
logic criteria of dacryoadenitis and 88.8% of those met that of
sialadenitis, bused on the revised Japanese criteria.” As for this
result, the histopathologic manifestations may show the same
tendency of the clinical symptoms and laboratory tests. There-
fore, the development of dacryoadenitis and sialadenitis in
patients with §§ may not always be coincidental.

In general, autoimmune diseases show the complex patho-
logic manifestations involving various lesions such as vasculitis,
glomerwlonephritis, arthritis, and/or sialadenitis. It remains
controversial whether such a complex disease is a4 manifesta-
tion of advanced discase or of multigenic disease with a difter-
ent gene combination that might be categorized into distinct
disease entities. To clarify whether dacryoadenitis and sialad-
cnitis in 8§ have common genetic mechanisms, we used a 88
madel, an MRL/Mp-ipr/Ipr strain of mice.” MRL/Ipt mice spon-
taneously develop progressive dacryoadenitis and sialadenitis
and other autoimmune diseases such as lupuslike nephritis,
arthritis, and vasculitis, in association with immunologic abnor-
malities.® 'Y Dacryoadenitis and sialadenitis in MRL/Ipr mice
are histopathologically characterized initially by mononuclear
cell infiltration into periductular regions, followed by the pro-
gressive destruction of ductules and parenchyma. resembling
$8, and thus these mice provide a 88 model. '~

The lymphoproliferative gene, Ipr, is a mutation of the Fas
gene,'* which causes an insufficiency of Fas-mediated apopto-
sis in T and B cells and activated macrophages.'*'® Therefore,
this mutant gene plays an important role in the mechanisms of
development of autoimmune diseases in MRL/Ipr mice. MRL/
Ipr mice develop autoimmune discases, whereas other strains
of mice carrying the [pr gene, such as C3H/HeJ and C37BL/G.
do not.'* Moreaver, MRL mice have the genes that make them
susceptible to each lesion. That is, lupus-like nephritis, arthri-
tis, vasculitis, and sialadenitis in MRL/Ipr mice were genctically
dissociated in crussing with non-autoimmunc-prone  Ipr
mice.' %

In the past, many susceptibility loci associated with S have
been demonstrated with various mouse models.?' ~** However,
all these studics focused on the salivary glands. There has so far
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been no study in which the susceptibility loci for dacryoade-
nitis were identified. Of course, the commonality of suscepti-
bility loci of dacryoadenitis and siakadenitis has not yet been
determined.

Our study confirmed the difference in the scverity of
dacryoadenitis and siatadenitis between MRL/Apre and C3H/Ipr
mice. independently from the MHC, since both strains have an
H-2" haplotype. Therefore, using F2 intercross with MRL/Ipr
and C3H/lpr mice. we clarificd the mode of inheritance of
dacryoadenitis and sialadenitis in the MRL, background and the
non-MHC gene loci susceptible to them were identified. This is
the first report to our knowledge to identify whether autoinm-
munc dacryoadenitis and sialadenits in MRL mice have com-
mon susceptibility loci.

MATERIALS AND METHODS
Mice

MRI/pr and C3H/Ipr mice were originally purchased from The Jack-
son Laboratory (Bar Harbor, ME). Both strains were bred and housed
under specitic pathogen-ree conditions in the Animal Rescarch tnsti-
tute of Tohoku University Graduate School of Medicine, Sendai, and
the Department of Biological Resources, the Integrated Center for
Science. Ehime University. From these strains, 71 MRI/pr, 80 C3H/Ipr.
10 (MRE/Ipr X C3H/Ipr) FT (MCF1y and 527 (MRL/pr > C3H/Ipr) B2
(MCF2) mice were prepared in the same institutes. All procedures
involving mice adhered to the ARVO Statement for the Use of Animals
in Ophthalmic and Vision Research and the guidelines for laboratory
animal experiments.

Histopathologic Evaluation of Dacryoadenitis
and Sialadenitis

At 10 to 20 wecks of age, the mice were dissccted while under cther
anesthesia, The facrimal glands and submandibular glands were re-
moved, fixed with 10% formalin in 0.01 M phosphate bufter (pH 7.2)
and embedded in paraffin. Each scction of lacrimal glands and subman-
dibular glands. bilaterally, was stained with hematoxylin-cosin (HE)
and histopathologically examined by light microscopy for dacryouade-
nitis and sialadenitis, respectively, in which 10 or more ductules in
cach organ were randomly selected for grading the lesion. MCF2 mice
developed a variety of phenotypes tor dacryoadenitis and sinfadenitis.
Some of them showed both dacryoadenitis and sialadenitis, and others
showed dacryoadenitis or siatadenitis alone (Fig. 1)

The histopathologic examinations for dacryoadenitis and sialudeni-
21

tis were pertormed as described clsewhere”' The findings were

graded on « scade of 0 to 3. where 0 is normal: 1is mononuclear cell
infiltration localized in periductular regions, but no destruction of the
parcnchyma or ductules; 2 is ccll infiltration into duct epithclium, with
or without extending o acinar parcnchyma: and 3 is grade 2 chuanges
with fibrosis and/or granufation and/or regenerative ductal hyperplasia
(Fig. 2). The grading score of cach mousc is represented by the index,
which wus the mean of the individual grading score of 10 or more
ductules randomly selected in the histologic section,

Genotyping of MCF2 Mice

Genomic DNA of 527 MCF2 mice was extracted from the il or fiver.
The genotyping of MCF2 was determined by simple sequence-tength
polymorphism analysis with 119 polymorphic microsatcllite markers
that were purchased from Research Genetics (Huntsville, ALy The map
positions of the microsatellite Toci were based on Mouse Genome
Informatics (MGI, hup:/www.informatics.jax.org/ provided in the
public domain by the Jackson Laboratory).”> They were an average of
12 ¢M apart, with a muximum distance between any two markers of 37
M. Bricfly, a total volume of 20 pL of polymerase chain reaction (PCR)
mixture (200-300 ng of genomic DNA, 2 pl of 10 PCR buffer
[Takara, Tokyo, Japanl, 1.6 pL of dNTP mixwure [2.5 mM cach; Takara],
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Dacryoadenitis Sialadenitis

FiGURE 1.

Dissociation of histopathologic phenotypes of dacryoade-
nitis and sialadenitis in 3-month-old MCF2 intercrossed female mice.
(HE stain) (A) Dacryoadenitis and sialadenitis, showing marked paren-
chymal destruction associated with mononuciear cell infiltration into
the ductules and extending to the parenchyma. (B) Dacryoadenitis
without sialadenitis. (C) Sialadenitis without dacryoadenitis,

0.4 units of Tag polymerase [EX Tag; Tukaral, and 0.16 pM of cach
primer) was prepared for PCR and amplified (GeneAmp PCR System
9600, Perkin Elmer, Wellesicy, MA). by using the following thermocy-
cling protocol: 94°C for 2 minutes, followed by 40 cycles of 94°C for
30 seconds, 35 10 60°C for 30 sceonds, 72¢C for 30 seconds, and 72°C
for 5 minutes.

The PCR products were separated by electrophoresis on 2% to 5%
agarose gels or standard denaturing 10% polyacrylamide gels. The
genotypes of the PCR products from the MCF2 intercross mice were
designated MRL/MRL (M) and C3H/C3H (C) homozygotes or MRL/C3H
(H) heterozygotes based on size differences.

Genome-Wide Screening and QTL Analysis

nitialty, the genotyping of each microsatellite marker and phenotyping
of cach histologic index was performed in the 200 MCF2 mice. Linkage
studics on 260 MCF2 mice were performed. Markers with P = 0.01
were sclected (selective genotyping).

Next, linkage studics on another 201 MCF2 mice were performed
on the chromosomes bearing the marker showing P <2 0.01 by using
the markers compiled in the first selection. The linkage map for the
MCF2 mice was created with Mapmaker3 *¢ A linkage analysis wus
performed on each candidate chromosome with WinQTL Cartogra-
pher (ver. 2.3),7 % based on cach histologic index us the indicators of
phenotype. A ogarithm of odds (LOD) was caleulated using the LR-
mapgtl program. Composite intervad mapping was performed using
model 6 of the ZMapqul program with options sct at 2-dM intervals and
a 10-eM window size, considering backgrouad loci that included un-
linked and linked loci-positioned forward parameters.?®+ The exper-
iment-wise significance level for cach index was determined by ana-
tyzing 10,000 random shuffling permutations ot the actual data and the
results of chromosomes with significant linkages™ (o << 0.01) for
cither index are shown in the Results section.
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Ficure 2. Histopathologic grades of dacryoadenitis (A) and sialadeni-
tis (B) (HE stain). (1) Grade 0. no inflammatory cell infiltration: (2)
grade 1, mononuclear cell infiltration with limited localization in the
periductular regions, but no destruction of the parenchyma or
ductules: (3) grade 2, cell infiltration into the duct epithelium extend-
ing to the acinar parenchyma; and (4) grade 3, significant purenchymal
destruction with regenerative ductal hyperplasia and fibrotic change.

Statistical Analysis

Comparisons of the histologic indexes between parental strains of
mice and other generations of mice and interactions among, three loci
were performed with the Tukey-Kramer test and between females and
nuiles in MRE/Ipr and MCF2 progeny with the unpaired /-test.

Resuirs

Phenotypic Analyses of MRL/Ipr, C3H/lpr, MCF1,
and MCF2 Mice

The phenotypic analyses for dacryoadenitis and sialadenitis
were represented by the index (Fig. 3). The indexes of MRL
parents for both fesions were females, (mean score of index -
SD. dacryoadenitis, 1.63 = 0.57: sialadenitis: 1.15 = 0.50; Fig.
3B), males (dacryoadenitis, 0.51 = 0.37; sialadenitis, 0.71 =
0.29: Fig. 3C) and both of them (dacryoadenitis, 1.28 £ 0.73:
sialadenitis, 0.97 + 0.47: Fig. 3A). Conversely, C3H parents of
females (dacryoadenitis, 0.28 = 0.20; sialadenitis, 0.17 = 0.24),
anales (dacryoadenitis, 0.01 = 0.04; sialadenitis, 0.03 £ 0.07),
and both (dacrvoadenitis. .14 2 0.23; sialadenitis, 0.10 =
0.19) hardly developed these esions.

Genetic Basis of Dacryoadenitis 3259

MCF1 hybrids had a phenotype similar to that of their C3H
parents in the females (dacryoadenitis, 041 L 0.25; sialadeni-
tis. 0.20 L 0.15), the males (dacryoadenitis, 0.05 £ 0.07:
sialadenitis, .26 1 0.26). and both (dacryoadenits, 0.22 -
0).26; siddadenitis, 0.24 = (1.23). Scores for both lesions in MRL
parents were significantly higher than those in C3H puarents
and MCF1 hybrids (£ <7 0.001, respectively), which means that
both dacryoudenitis and sialadenitis are inherited recessively in
mice with an MRL background. Both lesions in females and
dacryoadenitis in mafes showed the same results, and so these
were inherited recessively in mice with an MRL background as
well. Sialudenitis in males showed an additive manner of inher-
itance because the MCFU hybrids had significantly higher in-
dexes than did the C3H parents (£ < 0.001).

Dacryoadenitis Sialadenitis
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indexes (mean and SD) in MRL/Apre, C3H/Ipr, their F1 and F2 progenics
in both (A), females (B), and males (€). The grade score of cach mouse
is presented by an index that is the mean of the individual grade ot
cuch ductule randomly sclected on the histologic section (circle). A
compurison of the means was performed amonyg the four groups by
Tukey-Kramer test. *P <0 0,001, and between females and males in
MRL/Ipr and MCF2 progeny using unpaired f-test, T < 0.001.
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TIGURE 4. Corrclation between dacryoadenitis and  sialadenitis in
MCF2 (n 527). The indexes of cach mousce are presented in the
reaxis (sialadenitis) and paxis (ducryoadenitis). Their corrclation was
cstimated by using the Pearson product-moment corrclation coctti-
cient. Theree was only a slight positive correlation between both (R =
0.06111; P < 0.001). Linc of regression (hedey liney and confidence
inerval (thin liney arc shown on the graph.

MCF2 progeny developed various severities of dacryoadeni-
tis and sialadenitis in the females (dacryoadenitis, 0.85 = 0.54;
sialadenitis, 0.41 = 0.37), the males (dacrvoadenitis, 0.19 =
0.27: sialadenitis. 0.49 = 0.37). and both (dacryoadenitis,
0.49 * 0.53; sialadenitis, 0.45 = 0.37). In the MCF2 progeny,
the same tendency was seen—namely, that the dacryoadenitis
and sialadenitis indexes were higher than in C3H parents and
MCF1 progeny. but they presented a wide range of the indexes
covering those of MRL parents. Dacryoadenitis scores of MRL/
Ipr and MCF2 progeny and siatadenitis scores of MRL/Ipr in
temales were significantdy higher than thosc in the males (P <
0.001, respectively). The penetrance of dacryoadenitis was
higher in the females than in the males in the MCF2 inter-
crosscd mice, similar to their MRL parents.

Distribution of Indexes of Both Lesions
in MCF2 Progeny

In the next scries of experiments, we investigated whether
dacrvoadenitis and  sialadenitis developed  associatively in
MCE2 progeny (Fig. ). The individual index of both lesions
was discretely distributed. Some of the individuals showed
higher indexces in both lesions, some of them were higher in
cither dacryoadenitis or staladenitis, and others were lower in
both lesions. Only a small positive correlation was observed
between dacryoadenitis and sialadenitis R° = 0.06411, P <
0.001).

Mapping of Dacryoadenitis and Sialadenitis
Susceptibility Loci in MCF2 Progeny

A genome-wide scan was performed as described in the Mate-
rials and Methods section on the 266 MCF2 progeny with a
totat of 119 microsatellite markers, and an association study
was conducted. In chromosomes 1, 2, 5, and 9, there was at
least one microsatellite marker on one chromosome that ful-
filled the standard of £ < 0.01.

A QTL analysis of these candidate chromosomes using all
527 MCF2 progeny demonstrated that chromosomes 1 and 2
had the highest LOD scores with significant linkage for both
dacryoadenitis and sialadenitis. The highest peak on chromo-
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some S was limited to one with significant linkage only for
dacryoadenitis (Fig. 5). The highest LOD scores for chromo-
some | were 4.0 (map position 64.1 ¢M) for dacryoadenitis and
16.8 (69.0 cM) for sialadenitis. These positions were suscepti-
bility loci in the region of an MRL allele and were designated
Adacni 1 and Asm 3. On chromosome 2, the highest LOD score
for dacryoadenitis was 3.7 (88.4 cM) and sialadenitis was 5.6
(65.3 ¢M). These positions were also susceptibility loci in the
region of an MRL allele, designated Adacm2 and Asprd, respec-
tively. A LOD score of the second highest peak on chromo-
some 2 was 5.4 (82.1 ¢M) for sialadenitis. close to Asnid, also
a susceptibility locus in the region of an MRL allele, designated
Asm5. On chromosome 5, the highest LOD score for dacryoad-
enitis was 3.1 (63.9 ¢M). also a susceptibility locus in the
region of an MRL allcle, designated Adacm 3. Regarding chro-
mosome 9, there were no loct with i significant linkage. but
only suggestive (LOD score; 2.6) for dacryoadenitis in the
femalces,

The best modcl to fit the inheritance of these susceptibility
loci was determined with the WinQTL Cartographer program.
The results are summuarized in Table 1. Adacwi ] and Asm 3, -4,
and -5 corresponded to an additive manner of inheritance,
whereas Adacm{ and -2 corresponded to recessive. These
adjustments were confirmed by nonparametric tests. None of
these loci was protective, As shown in Figure 5, Adacm 1 was
located very close to Asm3 and Adacm2 was to Asm 5. Each of
the two loci seemed to be located in the common chromo-
somal region, whereas Adacin3 and Asne-f were independent
from any other foci.

Interaction Analysis of the Loci

The interactions of the two loci for dacryoadenitis and sialad-
enitis were investigated to clarify the celationships among the
multiple loci which were identified (Table 2). Since ddacm2
on chromosome 2 and Addacmi3 on chromosome S were reces-
sive as shown in Table 1, mice with H and C genotypes at the
P2Mit285 and  D3Mit136 markers, respectively,  were
grouped. The other four loci, that is to say Asne3, -4, and -5 and
Adacm 1. showed an additive mode in inheritance (Table 1), It
disclosed a complex pattern of interaction, so 4 comparison of
M to C was examined at the related markers, respectively.

First, cach of the two loci, which seemed to be located in a
common chromosomal region (ddacm ] and -2, or Asmj3 and
-5), were examined. As shown in Table 2A, the M-M group was
significantly higher than the other three groups in dacryoade-
nitis and sialadenitis, and so each of the two loci has an additive
effect. Furthermore, the M-H/C group was signiticantly higher
than the C-H/C group in dacryoadenitis and the M-C group was
significantly higher than the C-C group in sialadenitis, so
Adacm ] and Asm3 were hierarchical against Adacm?2 and
Asmis, respectively.

Next, the interactions of Adacm3 and the other two loci,
Adacm 1 and -2, were examined. As shown in Table 2B, there
was no significant additive effect, which indicates that Adacm 1
and -2 have a significant interaction, but Adacm3 is indepen-
dent from these two loci

Discussion

The completion of the human and mouse genome projects has
allowed genetic analysis to become a standard approach for
identifying alleles for susceptibility to various discases with
multiple phenotypes.® A cumulative effect of such suscepti-
bility genes resulting from genome crossing may be responsi-
ble for the diversity of pathologic manifestations of diseasces. In
this study, we analyzed the mode of inheritance of dacryoad-
cnitis and sialadenitis in MRL/Ipr mice, a mouse model of
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Ficure 5. Plows of the LOD scores Chromosome 1
for QTLs that control lacrimal and

submandibular lcsions in MCF2 18

progeny. Indexes tor chromosomes 16

with significant  linkages for
dacryoadenitis (chromosome 1, 2,
and 3 and sialadenitis (chromo- 12
somes 1 and 2) are shown. Indexes
for composite interval mapping for 8
dacryoadenitis (dotted line) and
staladenitis (solid line) are shown 6
in the highest mode for the LOD 4
2
0

LOD Score
S

Adacm1

score on cach chromosome (a free
mode for all chromosomes). Hori-
ronial lines and their values
(dacryoadenitis and sialadenitis in-
dex, respectively) show the thresh-
olds of significance levels (a =
0.01), with the dotted line repre-
senting the dacryoadenitis- index
and the sofid line representing the 35
sialadenitis index, all obtained by
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analyzing 10,000 random shuffling
permutations of the actual data. 7ri-
angles on the x-uaxis indicate the
data for the following microsatellite
markers (positions based on infor-
mation trom the Mouse Genome In-
formatics maintained by The Jack-
son Laboratory, Bar Harbor, ME;
online at hup://www.informatics.
jax.org) for chromosome 1:
DIMit276, DIMItI8, DIMit22,
DIMit46, DIMitd49, DIMiti87,
DIMit286, DIMit394, DIMit202,
DIMit143, DIA291, and DIMit293;

LOD Score

tfor chromosome 20 D2MIE355. D2Mit83, D2Mif522, D2Mit323. D2Mit380, D2Mit37. D2Mitl10.2, D23it441, D2MiI395, D2Mit304, D2Mit258,
D2MiE22, D2MIi285, D2Mt50, and D2Mit200; and for chromosome 5: DSALEI45. DSMit74. DSMIt149, DSMit233, DSMit134, D5Mit259, DsMit23,
DSMit1 15, DSMit1 36, D3MiE33,and DSMit223. The 95% contidence intervals of the QTL span were calculated according to the LOD drop-off method
described by Lander and Botstein®' and represented as a solid bar for each QTL.

human $8,'° %% since the lacrimal and submandibular glands

in MRL/Ipr mice are histopathologically characterized - hy
mononuclear cell infiltration "consisting of T cells. B cells,
dendritic cells, and macrophages, into periductular  re-
gions. > followed by the progressive destruction of ductules
and parenchyma, cventually leading to parenchymal atrophy
and replacement of the glandular structures by fibrotic scar
tissue. > As a result, three susceptibility loci were identified
that affect the development of dacryoadenitis and sialadenitis
in MRL/lpr mice. These loci were independent of the suscep-
tibility loci to other lupus phenotypes such as glomerulone-
phritis, vasculitis, and arthritis, which have been identified in
the backcrosses and intercrosses of MRL/Ipr and C3H/lpr
mice.'"?" Inheritance of dacryoadenitis and sialadenitis in
MRL/lpr mice was polygenic, partly characterized by an addi-
tive effect and was hicrarchical. Each of the polygenes only by
itself is not remarkably efficient for discase development. It is
likely that all these candidate genes are polymorphic genes in
the MRL/Mp strain, different from those in the C3H/He] strain.
These may quantitatively regulate the cascade reactions ex-
tending to the development of dacryoadenitis and/or sialadeni-
tis, with a regular variation of the pathologic phenotypes based
on their combinations,

To our knowledge, this is the first stuwdy in which the
susceptibility loci for dacryoadenitis have been examined. For
staladenitis, two susceptibility loci were identified previously:
Asm{ on chromosome 10 and dsm2 on chromosome 4 in the
MRL genetic background.”! However, in the present study, we
did not detect them in the same chromosomal regions. There
were several differences between the earlier study and this one
in the experimental methods. For example, MRL/lpr X (MRL/

Ipr X C3H/lpr) F1 (N2 backcross) was evaluated in the earlier
study. However, the MCF2 progeny were examined in this
study. In addition, an association study was conducted in the
-arlier study, but QTL was used in the present study. These
distinctions may account for the differences in the positions of
the susceptibility loci in both studies. Similar results were seen
in the past study for sialadenitis.** Namely, QTL was performed
on the (NOD X CS7BL/G(BG)) F2 cross and (NOD X BG) X
NOD) backcross and no common chromosomal region was
identificd except for that in chromosome 1. It is likely that in
an N2 backcross generation, only recessive loci can be de-
tected, but in an F2 cross, all loci with a recessive, dominant,
or incomplete dominant (additive) mode of inheritance can be
detected. This difference may lead to the result that all suscep-
tibility to sialadenitis in the present study was due to a additive
mode of inheritance, whereas all loci in our previous study
were recessive. That is, the difference may depend on the
mode of inheritance.

In this study, Adacm1 was located very close to Asm3,
whereas Adacm 2 was close to Asm 3. And Adacm2 and Asm5
as well as Adacm 1 and Asm3 were overlapped in confidence
intervals as shown in Figure 5. Therefore, the two susceptibil-
ity loci to both lesions are a common genetic basis for the
development of these two diseases. although the other was
independent. In addition, each of the two loci has an additive
effect. Therefore, dacryoadenitis and sialadenitis in MRL/Ipr are
under the control of different susceptibility loci with an allelic
combination,

In addition, a similar teadency is shown in human autoim-
murne diseases in terms of the partial commonality of suscep-
tibility loci. The co-occurrence of autoimmune discases is a
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Tanre 2. Interactions among Each of the Two Loci for Dacryoadenitis and Sialadenitis in MCF2 Progeny

A, Interactions among Each of the Two Loci Located on Chromosome 1 and 2

Mice Index
Phenotype Genotype of the Marker* ) (Mean x SD) Pt
Dacryouadenitis DIMitI87 D2Mit285
(Adacm]) (Addcim2)
M M 32 (0.86 * 0.63) ES § i
M H/C 88 058 £0635™) ] } 1%
G M 45 (0.42 + 0.47)
C H/C 101 (0.36 £ 0.45) n
Sialadenitis DIAML286 D23it22
(Asn13) (Asmns)
M M 29 (0.85 * 0.45) :|§ It i
M C 33 (0,55 + 0.32) ] T
C M A2 (032 + 027 =3
C C 40 (011 * 0.18) :I .
B. Interactions of Adacm3 and the Other Two Loci
Mice Index
Phenotype Genotype of the Marker” () (Mean * SD) Pt
Dacryoadenitis DIMitI87 DSAMIEI36
(AdacmT) (Adacm3)
M M 28 (0.83% * 0.64) I
M H/C 92 (0.60 * 0.58) ;
C M 38 (0.50 £ 0.56) ]
G H/C 98 (0.32 £ 040
Dacryoadenitis D2Mit2835 DSt 36
(Adacinl) (Addaced)
M M 38 (0.77 = 0.57) I
M H/C 9G (0.60 * 0.59) §
H/C M 82 (0.55 £ 0.57) ]
H/C H/C 205 (4l * 047

T Genotype of the marker closest to the QTL was presented. MRL/MRL and C3H/C3H homozygotes and MRL/CAH heterozygotes were

designated M, G and H, respectively.

t A comparison of the meuans was performed using the Tukey-Kramer test. 3 £ < 0.05; § P <2 0.01: | P < 0.001.

commnon phenomenon. Monozygotic twins develop autoim-
mune disease, such as rheumatoid arthritis and systemic lupus
erythematosus,” ¥ with a high concordance rate. As a result,
genetic predisposition is a dominant factor in the development
of autoimmune disease. Association and linkage studies of
autoimmune diseases have been conducted in different popu-
lations and have demonstrated that several susceptibility foci
overlap and the genetic factor consists of two types: one is
common to many autoimmune discases, and the other is spe-
cific to a given disorder.™

in the present study, the common features for both lesions
demonstrated that the susceptibility locus involving Adacm 1
and Asme3 on chromosome 1 had the highest LOD score among
cach of the three loci (Table 1). Furthermore, ddacm i and
Asm3 on chromosome | were hierarchical against Adacm2
and Asws on chromosome 2. respectively (Table 2) There-
fore. the locus on chromosome 1 is most important for devel-
opment of both lesions, at least in the MRE/lpr allele. This locus
was also seen as one with a suggestive linkage to sialadenitis in
MRL/Ipr X MCF1 backcross.”! Moreover, a susceptibility locus
to sialadenitis on chromosome 1 was also detected in a
(NOD X BO) F2 cross. a (NOD X NZW) F2 cross, and 4
((NOD X BG) X NOD) backcross.?? Therefore, this chromo-
somal region has a significant role, common to sialadenitis and
dacryoadenitis.

In contrast, Adacm3 on chromosome 5 was independent
from the other two susceptibility loci to  dacryoadenitis.
Dacryoadenitis and sialadenitis were observed with varied se-
verity in the MCE2 intercross, but the association of the two
lesions was weak (Fig. 4), thus suggesting that the two pheno-

types could be separated in an MCF2 intercross. In fact, as a
result of the QTL analysis of MCF2, Adacm 3 had no association
with cither Adacmm ] or -2 (Table 2). These data suggest that
Adacm3 may be associated with a specific mechanism in the
development of dacryoadenitis.

At the region with the highest peak of Adacmi 3 there were
seven genes according to MGIL Evi25 (ecotropic viral integra-
tion site 23). Lhx5 (LIM homeobox protein 5), Muk (meval-
onate kinase), Selplg (selectin, platelet ligand), Tesc (tescalcin),
Ubce (ubiquitin C), and Vps 33« (vacuolar protein sorting 33A)
on chromosome 5 (map position 64 ¢M),” some of which may
be responsible for inflammation and cell proliferation pro-
cesses. Eri25 is an integration site of the murine leukemia
retrovirus in murine leukemias. * Lba's is a member of the LIM
homeobox gene family that encodes a transcription factor®!
and Mek codes for the mevalonate kinase (MK) which is the
first cnzyme in the isoprenoid biosynthesis pathway and the
decrease in MK activity leads to inflammation.*” Selplg codes
for the P-sclectin glycoprotein ligand-1 (PSGL-1), a mucin-ike
glycoprotein which is expressed on the surface membrane of
all leukocyte that binds to P- and Lselectin and promotes cell
adhesion in the inflammatory response associated with leuko-
cyte rolling and extravasation.** (bC is onc of two stress-
inducible polyubiquitin genes and constitutes an essential
source of Ub in maintaining cellular Ub during cell prolifera-
tion and stress and Vps3sa is homologous to the yeast vacuolar
protein-sorting vps3.3 which codes the protein that is required
for trafficking newly synthesized proteins from the late Golgi
network to the vacuole.”” Further studics should be performed
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to determine any allelic polymorphism in these genes between
the two strains. at least in the coding and promoter regions.

A mirked sex bias of dacryvoadenitis and sialadenitis in the
MRL parent was obscrved in Figure 3. A similar tendency was
seen for dacryoadenitis in the MCOF2 progeny, that is, females
demonstrated higher severity than males. Therefore, QTL anal-
ysis was conducted separately in mate and female mice. As a
result. the similar findings to those of the both sexes werc
obtained. There was no new locus with a significant linkage on
any chromosomes (data not shown).

In conclusion, the present study demonstrated that the
development of dacryoadenitis and sialadenitis were under the
control of polygenes partly with an additive cffect and a hier-
archical manner. Furthermore, two susceptibility loci to
dacryoadenitis seemed to be common to those to sialadenitis,
whereas the other was independent from them. Thercfore,
dacryoadenitis and sialadenitis in MRL/Ipr are considered to be
under the control of common and different susceptibility
genes, with an allelic combination that leads to regular varia-
tions in the clinical phenotypes.
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CASE REPORTS

In Vivo and In Vitro Investigations of Fungal Keratitis
Caused by Colletotrichum gloeosporioides

Arisa Mitani,) Atsushi Shiraishi,? Toshihiko Uno,' Hitoshi Miyamoto,® Yuko Hara,'
Masahiko Yamaguchi,' and Yuichi Ohashi’

Abstract

Purpose: To report a case of fungal keratitis caused by Colletotrichunt gloeosporioides, which is a rare pathogen in
humans.

Methods: An 80-year-old woman developed fungal keratitis after having sustained a traumatic injury during
field work. The patient was initially examined by slit-lamp biomicroscopy and the Heidelberg Retina Tomograph
[I-Rostock Cornea Module (HRT [I-RCM). Corneal scrapings were collected and submitted for laboratory
investigations.

Results: Many septate, hyphae-like interlocking and branching white lines were observed in the area of the
infiltrate by HRT [I-RCM. A tentative diagnosis of fungal keratitis was made, and the patient was treated with
systemic and topical voriconazole and pimaricin ophthalmic ointment. The infectious focus resolved within 2
weeks, and there were no signs of a recurrence after 3 months of treatment with the antifungal agents. The cul-
ture of the corneal scraping grew C. gloeosporioides.

Conclusions: HRT II-RCM was useful in detecting filamentous fungi in the cornea. The treatment with voricon-

azole and pimaricin was effective in the treatment of C. gloeosporioides Keratitis.

Introduction

UNGAL KERATITIS REMAINS A difficult and vision-

threatening cornecal disecase. The common etiologic
agents of fungal keratitis include Fusarium solani and other
Fusariton species and Aspergillus species. The infections are
usually caused by a prior ocular injury involving organic
materials.

A small number of patients with keratitis cases caused
by Colletotrichum spp. have been reported, but the precise
characteristics of Colletotrichum keratitis have still not been
determined."! We present a case of fungal keratitis caused
by Colletotrichum glocosporioides that was diagnosed by i
vivo confocal microscopy and in vitro corneal cultures.

Case Report

The patient was an 80-year-old woman who felt dust par-
ticles blow into her right eye during farm work on October
13, 2008. She visited a private ophthalmological clinic on
October 15, 2008 because her right eye felt irritated. She was
treated with topical gatifloxacin and 0.1% betamethasone

for 2 days. Because the symptoms did not improve, she was
referred to the Ehime University Hospital on October 17,
2008.

On the initial examination, her best corrected visual acu-
ity was 20/2,000 in the right eye and 20/80 in the left eye.
Slit-lamp examination of the right eye revealed a grayish,
stromal infiltrate with a dry texture and indistinct margins
with hypopyon (Fig. 1).

Examination of the cornea with the HRT I[I-RCM
(Heidelberg Engineering, Heidelberg, Germany) showed a
mass of interlocking and branching white lines in the area
of the infiltrate suggesting filamentous fungus keratitis
(Fig. 2). Corneal scrapings were collected, and microscopic
examination showed filamentous fungal hyphal fragments.
Treatment was begun with oral voriconazole (400 mg/day)
p.v, topical 0.1% voriconazole hourly, and pimaricin eye
ointment 5 times/day. After beginning the antifungal ther-
apy, the hypopyon disappeared within a few days and the
focal infiltrate resolved within 2 weeks. The medications
were then tapered over a 3-month period, and the best cor-
rected visual acuily in her right eye improved to 20/25.

‘Department of Ophthalmology and *Department of Ophthalmology and Regenerative Medicine, Ehime University School of
Medicine, and ‘Department of Clinical Laboratory, Ehime University Hospital, Shitsukawa, Toon-City, Ehime, Japan.
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FIG. 1. Slit-lamp photograph showing a grayish, stromal
Brap & a gray

infiltrate with a dry texture and indistinct margins. An

hypopvon can be seen in the anterior chamber.

The corneal scrapings grew fungal colonies on Sabouraud
g g fas
dextrose agar, and potato dextrose agar showed brownish-
black pigmented colonies (Fig, 3A). Microscopic examination
(e} O

Potato Dextrose Agar, 25C, 10 days

MITANI ET AL.

FIG.2. HRTI-RCM image showing a mass of interlocking
and branching white lines and highly reflective spots (arrow)
which may be appressoria of Colletotrichum glocosporioides.

of the culture media showed cylindrical conidia with hyphae
{Fig. 3B), and brownish appressoria, features that are charac-
teristic for C. ¢locosporioides (Fig, 3C). The isolate was further

FIG. 3. (A) Fungal colonies isolated on potato dextrose agar exhibit brownish-black pigmentation. Microscopic examina-
tion of the culture media reveals {B) cylindrical conidia with hyphae, and (C) brownish appressoria, which are characteristic

features of Collctotrichun locosporioides.



FUNGAL KERATITIS CAUSED BY Colletotrichum gloeosporioides

Tasre 1. Munivar Intisirory CONCENTRATION
Varves (MICs) OF DIFFERENT ANTIFUNGAT DRUGS

Druy MIC (ug/inl)
Amphotericin B 0.125
S-Fluconazole 264
Fluconazole 264
[ntraconazole 0.25
VMiconazole 0.5
Micaftungin =003
Voriconazole 0.5

confirmed to be C. glovosporioides by DNA sequencing of
internal transcribed spacer T in fRNA by First Laboratory in
Medical Mycology Research Center, Chiba University.

The minimal inhibitory concentrations (MICs) of dif-
ferent antifungal drugs on the fungal isolate are listed in
Table 1. This isolate of C. glovosporivide isolated was suscep-
tible to voriconazole.

Discussion

The filamentous fungal plant pathogens belonging to the
genus Colletotricliin are rare pathogensin humans. Thenum-
ber of reports describing Colletotriclugm infection in humans
is limited; Fernandez and colleagues and Kaliamurthy and
colleagues summarized their findings in a series of patients
with Colletotrichum keratitis, and reported that Colletotriclnm
was the cause of the keratitis in 10 of 360 cases (2.8%) and in
7 of 378 cases {1.9%), respectively."- They reported that the
principal risk factor for Colletotrichum keratitis was ocular
trauma, followed by the presence of diabetes mellitus and
corticosteroid use. Our case occurred after an ocular injury
during farm work.

Because there are only a few reports on Colletolrichum
corneal infection in the literature, the susceptibility of these
fungi to antifungals is not clearly established. Fernandez
and colleague. reported that some of their isolates from
Colletotrichun keratitis  were  susceptible  to natamycin
and amphotericin B, and that all cases werce susceptible to
amphotericin B but relatively resistant to natamycin.' In our
case, the strain isolated was resistant to 5-flucytocine and
fluconazole, but susceptible to amphotericin B, itraconazole,
miconazole, micatungin, and voriconazole. These results are
comparable to the results of the 2 earlier reports that found
that C. glocosporioide isolated from subcutancous hyalo-
hyphomycosis were sensitive to these antifungal drugs’"
Thus, the susceptibility of Colletotrichion species appears to
be relatively consistent.

We treated our case with pimaricin and voriconazole.
Voriconazole is a new, broad-spectrum antitungal drug, and
excellent results have been reported following voriconazole
treatment in cases of fungal keratitis and endophthalmitis
caused by a number of species of fungi™ Our case is the
first to demonstrate that Colletolrichun species are suscepli-
ble to voriconazole.

We also documented the in vivo confocal microscopic
appearance of C. glocosporivide. The size of the filaments of
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the fungus is about 3-5 pm wide and about 100-200 um
long; these are casily recognized by the analvtical perfor-
mance of HRT [I-RCM. Our results also support earlier
studies that presented the TIRT H-RCM images of F. solau,
Aspercillus fumigatus, and Candida albicans. These findings
demonstrated the usefulness of HRT 1-RCM for early diag-
nosis of fungal keratitis. Although it is difficult to differ-
entiate the ditferent species among filamentous fungi, the
highly reflective spots (arrows) were possibly the appresso-
ria of C. glocosporionde. Tn any case, our results indicate that
HRT H-RCM can be a new technique to use for carly diagno-
sis of fungal keratitis.

In conclusion, we report the i vioo and in vitro investiga-
tions of Collelotrichion keratitis. More precise microbiologi-
cal investigations will be required to establish the precise
characteristics of Colletotrichum species.,
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Rapid detection of Acanthamoeba cysts in frozen
sections of corneal scrapings with Fungiflora Y

A Shiraishi," T Kobayashi," Y Hara,* M Yamaguchi,? T Uno,? Y Ghashi?

ABSTRACT

Aims: To evaluate the usefulness of serial frozen sections
of corneal scrapings stained with Fungiflora Y {FFY) to
diagnose Acanthamoeba keratitis (AK).

Methods: Eight patients with suspected AK were
studied. Serial frozen sections were made from part of the
corneal epithelial scrapings and stained with FFY. The
remaining corneal epithelial scrapings were submitted for
faboratory culture.

Results: The FFY stained frozen sections were completed
within an hour, and Acanthamoeba cysts were detected
under a fluorescence microscope in all eight patients. The
same sections were examined with a light microscope,
and Acanthamaeba cysts were confirmed to be present
from their morphological characteristics. Five of the eight
patients had positive laboratory cultures for
Acanthamoeba.

Conclusion: FFY staining of frozen sections of corneal
scrapings is a rapid and reliable technique which can be
used to make an early diagnosis of AK.

Acanthamoceba keratitis {AK) is an intractable, sight-
threatening infection of the cornea and is fre-
quently seen in contact lens wearers. The incidence
of AK has increased with increasing numbers of
contact lens wearers. The problems with AK
include the difficulty in making a correct diagnosis
at an early stage, and the lack of specific drugs to
treat AK. The ecarly clinical signs of AK are
subepithelial infiltrates, pseudodendritic keratitis
and radial neurokeratitis, and these lesions often
lead to AK being misdiagnosed as herpetic keratitis
and or fungal keratitis, resulting in delays in
initiating proper treatment. In addition, the ability
to grow and identify acantoamoeba in culture is
between 30% and 60%,'7 and it requires a
relatively long time to obtain the results from
cultures.

Acanthamocba cysts can be detected in corneal
scraping, impression cytology or biopsies by a
variety of staining methods including special stains
such as Calcofluor White and Acridine Orange, and
also by immunohistochemistry.™ Routine stains
such as Haematoxylin and Eosin (H&E), Giemsa,
Gram, Periodic Acid Schiff (PAS), and Lactophenol
Cotton Blue can also provide a positive identifica-
tion. ™ However, some of the special stains are
time-consuming and more complicated, and the
routine stains require skilled and experienced
examiners to identify the Acanthamocba cysts or
trophozoites.

Fungiflora Y (FFY) was originally developed to
detect fungi, and it has a specific affinity for chitin
and cellulose, which are components of the cell
wall of fungl. However, it has been shown that

BrJ Ophthalmol 7009,93:1563-1565. doi:10.1136/hj0.2009.158113

FFY also stains Acanthanioeba cysts because cysts
also contain cellulose.’* We present a simple and
quick method to detect Acanthanceba cysts in FFY
stained frozen sections of corneal scrapings.

MATERIALS AND METHODS

An informed consent for the examination was
obtained from all subjects, and this study was
approved by Institutional Review Board of Ehime
University. The procedures used conformed to the
tenets of the Declaration of Helsinki.

Patients

Eight patients (four men, four women) ranging in
age from 18 to 37 years with uncontrollable
corneal infection were studied. The clinical features
of all patients are summarised in table 1. The final
diagnosis in all cases was made from epithelial
scrapings which were cultured on non-nutrient
agar plates with Esclerichia celi and by FEY staining
(Biomate, Tokyo).

Fungifiora Y staining of frozen sections of corneal
scrapings

Corneal epithelial scrapings were placed on the
bottom of a cryo dish (Shoeiseisaku, Tokyo) and
filled with Tissue-Tek OCT Compound (Sakura
Finetek, Tokyo). This was followed by freezing
with liquid nitrogen or dry ice, and then 10 umn
serial frozen sections were cut. The sections were
stained with FFY according to the manufacturer’s
instructions. Briefly, the sections were fixed with
100% ethanol, and a drop of the counterstaining
reagent (A solution) was added. After 2 min, the
slides were rinsed in running water and stained
with the second staining reagent (B solution) for
5 min. The slides were rinsed in running water and
observed under a fluorescent microscope at a
wavelength of 405 nm,

RESULTS

All eight patients (mean age, 27.8 (SD 6.5) years)
were soft contact lens (SCL) wearers and presented
with unilateral severe ocular pain and blumed
vision. The average duration of the symptoms
prior to visiting our hospital was 5-6 weeks with a
range of 1-12 weeks. Slit-lamp examination
showed a ring infiltrate pattern in one eye (case
&, table 1), dendriform epitheliopathy in five eyes
and radial keratoneuritis in seven eyes (fig 1A, table
1), All patients were treated with topical 0.05%
chlorhexidine and 1% voriconazole every hour, and
corneal epithelial scrapings were taken once or
twice per week during the hospitalisation. All
patients improved within 2-6 weeks.
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