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FIGURE 4. Deletion of the Tnfa and
Tnfr genes prevents ONL degenera-
tion after RD in mice. (A) H-E-stained
sections through the retinas of WT
mice, TNFa, TNFR ™7, or TNFR1 and
-2 with or without RD. (B) Quantifi-
cation of the ONL thick ness with
(+) or without (-) RD in WT,
TNFa ™7, and TNFR™/™ mice. *P <
0.05 compared with WT controls
without RD (nz = 10 each).
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from adult WT mice in mixed primary retinal cell culture.
Photoreceptors were identified by ICC with an antibody to
recoverin, a commonly used cellular marker for photorecep-
tors in vitro.'' The number of recoverin® photoreceptors
declined progressively with increasing TNFa concentration
(Fig. 3), and 0.1 ng/mL of TNF« had significant cytotoxic
effects (Fig. 3C).

Genetic Deletion of TNFa and Its Receptor
Prevents RD-Induced Photoreceptor Degeneration

TNFa acts via two known receptors, TNFR1 and -2. To inves-
tigate the contribution of TNFa and the receptors to the patho-
physiological events described carlier, we induced RD in TNFa
or TNFR1 and -2 double-knockout mice (TNFR /7). Photore-
ceptor degeneration was quantified by measuring the ONL
thickness'"** 7 days after RD. In the absence of RD, the
general appearance of the retina and the thickness of the ONL
were similar in TNFa ™77, TNFR /7, and WT mice (Fig. 4).
Seven days after induction of RD, the thickness of the ONL
decreased significantly in the WT mice (P = 0.001, 2 = 10, Fig.
4). In contrast, after RD in TNFa ~/~ and TNFR ~/7 mice. the
thickness of the ONL remained unchanged from bascline (n =
10 respectively, Fig. 4). TUNEL at 72 hours after RD showed a
greater number of TUNEL™ photoreceptors in the WT mice
(2517 #+ 210 cells/mm?) than in the TNFa ™/~ and TNFR ~/~
mice (P < 0.001); with no TUNEL" cells in the untrcated
retinas (Fig. 5). These data suggest that RD-induced upregula-
tion of TNFa has a cytotoxic effect on RD-induced photore-
ceptor degencration via its receptors in vivo.
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One to 3 days after injury, caspase-8 was significantly active
in the detached retina. The blocking antibody for TNF« signif-
icantly prevented the activation of caspase-8 (Fig. 0).

RD-Induced Photoreceptor Degeneration Is
Mediated Via TNFR2

To further delineate the separate contribution of TNFR1 and -2
to the RD-induced photoreceptor degeneration, we induced
RD on TNFR1 or -2 single-knockout mice. In the WT mice, the
number of TUNEL™ photoreceptors 72 hours after RD was
2608 * 262 cellsymm? (Fig. 5C) and was similar in the
TNFR17/7 mice. In contrast, the number of TUNEL" photore-
ceptors in the TNFR27/™ mice was significantly less than that
in the WT mice (P < 0.0001, Fig. 5C). Thus, RD-induced
photoreceptor degeneration appeared to be mediated by TNFa
acting via TNFR2.

Effect of TNFa on the RD-Induced Miiller
Cell Activation

We previously reported that RD activates the intracellular
MAPK/c-Fos signaling pathway in the Miller cell immediately
after insult and that the response is critical for retinal gliosis
and pathogenesis of photoreceptor degeneration.'*** The ge-
netic ablation of GFAP and vimentin leads to reduced activa-
tion of pERK and c-Fos.”* To determine whether RD-induced
upregulation of TNFa is an upstream event of MAPK/c-Fos
activation, we compared the number of pERK " or ¢-Fos " cells
in the inner nuclear layer (INL) in the WT mice and TNFa ~/~
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FIGURE 5. Cytotoxic effect of TNFa on RD-induced photoreceptor

degeneration. (A) Representative photography with TUNEL 72 hours
after RD in WT, TNFa™/7, and TNFR™/™ mice. Green: TUNEL; blue:
DAPI nuclear staining. (B) Quantification of TUNEL™ cells in WT,
TNFa ™7, and TNFR™™ mice. *P < 0.05 compared with WT mice with
RD (n = 8 each). (C) Quantification of TUNEL" cells in WT,
TNFR1 /7, and TNFR2™/™ mice. *P < 0.05 compared with WT mice
with RD (7 = 8 each). GLC, ganglion cell layer; IPL, inner plexiform
layer.

mice, before and after RD. Surprisingly, the number of pERK™
or ¢-Fos' cells in the TNFa ~/~ mice was not significantly
different from that in the WT mice (Fig. 7). These data dem-
onstrate that the deletion of TNFa is not related to the retinal
glial activation associated with RD.

TNFa Contributes to Monocyte Recruitment in
the Detached Retina

We have shown that monocytes recruited after RD mediates
their cytotoxic effect on photoreceptors through oxidative
stress.'’ To examine the role of TNFa in monocyte recruit-
ment, we investigated whether deletion of the TNFa gene
would alter monocyte recruitment after RD. After RD in WT
mice, monocytes were recruited to the outer plexiform layer
(OPL) and the SRS (Fig. 8). This recruitment was strongly
suppressed in TNFa-deficient mice and these data suggest
that TNFa plays a critical role in recruiting monocytes to the
OPL and SRS after RD.

DISCUSSION

The increased expression of TNFa in the human vitreous in
scveral retinal disorders suggests that TNFa contributes to the
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pathophysiology of these diseases'”'®; however, under certain
conditions, TNFa plays not only a cytotoxic role but also a
neuroprotective one in damaged retinal neurons. Using a
mouse model of RD, we showed for the first time that TNFa
is a critical mediator of RD-induced photoreceptor death.
Acute blockade of TNFa with a functionally blocking anti-
body or deletion of TNFa or its receptor gene in genetically
altered mice almost completely eliminated RD-induced pho-
toreceptor degeneration. We further showed that the cyto-
toxic effect of TNFa on photoreceptors is mediated through
TNFR2 but not -1. These data suggest that anti-TNF« treat-
ment has potential as a neuroprotective therapy for photo-
receptor degeneration.

We have previously demonstrated increased expression of
11-183, TNFq, and MCP-1 in detached retina 1 hour after RD.'?
MCP-1 had a cytotoxic effect on RD-induced photoreceptor
degeneration through recruited monocytes,'' but the roles of
IL-1B and TNF« remained unclear. To further explore the role
of these cytokines, we administered DEX as an anti-inflamma-
tory treatment to examine its effect on RD-induced photore-
ceptor  degeneration. Interestingly, DEX significantly sup-
presses the expression of IL-18 and TNFa and reduced
photoreceptor degenceration. Generally, 1L-13 and TNFa are
multifunctional proinflammatory cytokines with effects depen-
dent on the timing and dosage.*®*” In this study, only acute
blockade of TNFa, but not IL-13, with specific blocking anti-
body suppressed the RD-induced photoreceptor degeneration.
TNFa also has multifunctional roles in the neuronal homeosta-
sis and neuropathology.”® Previously, we have shown that the
expression of TNFa after RD is biphasic (peaking at 1 and 6
hours after RD)'? and that the source of TNF« is primarily via
recruited monocytes and resident microglia and to a lesser
extent retinal ncurons of all types.'? Up to now, TNFa has
been shown to be a critical mediator for the cytotoxic roles of
neurons in various neurodegenerative discases, including mul-
tiple sclerosis, Parkinson’s discase, Alzheimer’s discase,'® and
glaucoma.” On the other hand, TNFa has a neuroprotective
role against neuronal damage®® including retinal ganglion cell
death after axotomy by suppressing the potassium channel via
channel phosphorylation.? In this model of RD, we demon-
strated the cytotoxic roles of TNFa on RD-induced photore-
ceptor degeneration. These data suggest that anti-TNFa or
blockade of TNFa receptors may have beneficial effects in the
treatment of ocular diseases associated with RD.

The in vitro cytotoxic effect of TNFa on photoreceptors
was detectable at a concentration as low as 0.1 ng/mL (Fig. 3).
This cytotoxic concentration of TNFa was very similar to the
concentration of TNFa (0.095 ng/mL) in the rodent eye after
RD.'? In the vitreous sample of human eyes with RD, the
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FIGURE 6. Blocking TNFa suppresses RD-induced caspase-8 activa-
tion. The data show caspase-8 activation on day 1, declining by day 3
after treatment with anti- TNFa after RD (n = 4). NS, not significant.

vehicle IgG
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FIGURE 7. Glial activation in the WT mice and TNFa™™ mice in the

detached retina. (A) Representative photography of THC with phos-
phorylated ERK (top) and c-Fos (bottom) in the WT and TNFa ™/~
mice. (B, C) The quantitative data of pERK" (B) and ¢-Fos ™" (C) cells in
the INL 72 hours after RD. NS, not significant. GLC, ganglion cell layer;
IPL, inner plexiform layer.

concentration of TNFa was reported to be 2 to 22.4 pg/mL'®
and 2.52 to 32.26 pg/mL.** In contrast, the subretinal admin-
istration of 500 ng/uL of TNFa had no effect on photoreceptor
apoptosis 24 hours after RD.'? Thus, the action of TNFa ap-
pears to be influenced by the concentration of TNFe, and the
lower concentration (physiological dose) of TNFa results in a
neurodestructive effect on RD-induced photoreceptor degen-
cration.

Our data show that RD-induced photoreceptor degenera-
tion depends on the TNFR2, but not the TNFR1, receptor.
Generally, in neurons, TNFR1 has an intracellular death domain
and its activation elicits caspase pathways that lead to neuronal
cell death. TNFR2, on the other hand, activates the Akt signal-
ing pathway and promotes cell survival.”® While the role of
TNFR2 activation was oppositc that in the visual systems, this
finding suggests that the role of TNFR2 depends on the tissue.
Microglia express both TNFR1 and -2, whereas oligodendro-
cytes and astrocytes primarily express TNFR1,>*?% and re-
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cruited macrophages express TNFR2.%° Critical roles of TNFR2
over TNFR1 on the neuronal cell responses had been reported
in the axotomized facial motor nucleus through cytotoxic
lymphocyte recruitment,”” and the suppression of oxidative
stress in cultivated microglia,®® as well as the oligodendrocyte
regeneration/proliferation and nerve remyelination in demyeli-
nating discases.>® We found that RD induced the caspasc-8
activation, and the blocking antibody for TNFa suppressed the
caspase-8 activation. The data suggest that TNFa activates
caspase-8, which is downstream of the TNF« receptor. Thus,
the effects of TNFa through its TNF receptors depend on the
predominance of the receptor type expression for TNFR1 or -2
in each of the cell types.

This study clearly showed that TNF« activated caspase-8 in
the detached mouse retina. On the other hand, there have
been some studies in which RD-induced Fas was found to be
activated in rats.’®"! Interestingly, TNFa enhanced the Fas-
mediated apoptosis of T cells in the eye.*” Thus, TNFa may be
associated with the FAS pathway in the process of RD-induced
photoreceptor degeneration.

The blockade of TNF« had no effect on RD-induced glial
activation; however, the recruitment of monocytes was sig-
nificantly suppressed. We previously reported that recruited
monocytes played a critical role in RD-induced photorecep-
tor degeneration.'' Moreover, in primary retinal cell cul-
tures, TNFa had a cytotoxic effect on the photoreceptors
without macrophage recruitment. Taken together, the ncu-
rotoxic roles of TNFa may exert a direct effect on photore-
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FIGURE 8. Monocyte recruitment is significantly reduced in TNFa™/~
mice. (A, B) Representative photography of IHC with CD 11b (red),
recruited macrophage and resident microglia in the WT and TNFa™/~
mice. (B) Data show the number of CD11b ™ cells in the OPL (B) and
SRS (C) 72 hours after RD in the WT and TNFa ™™ mice.
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ceptors as well as an indirect effect via the recruitment of
monocytes.

In conclusion, we demonstrate that TNFa upregulation

after RD plays a critical role in photoreceptor degeneration.
The neurotoxic effects of TNFa on photoreceptors are me-
diated through its chemotactic propertics, which lead to
monocyte recruitment and monocyte-generated oxidative
stress and possibly by a direct effect of TNFa on the pho-
toreceptors. Blockade of TNFa and/or its receptors may
provide new therapeutic avenues to treat photoreceptor
degencration in the setting of RD and of other retinal disor-
ders that share common features.
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Background. The relation between glaucoma and retrobulbar circulation in the prognosis has been indicated. Purpose. To
investigate the effects of acupuncture on retrobulbar circulation in open-angle glaucoma (OAG) patients. Methods, Eleven
OAG patients (20 eyes with OAG) who were treated by topical antiglaucoma medications for at least 3 months were enrolled.
Acupuncture was performed once at acupoints BL2, M-HNY, ST2, ST36, SP6, KI3, LR3, GB20, BL18, and BL23 bilaterally.
Retrobulbar circulation was measured with color Doppler imaging, and intraocular pressure (TOP) was also measured at rest and
one hour after rest or before and after acapuncture. Results. The A value of the resistive index in the short posterior ciliary artery
(P <.01) and the A value of IOP (P < .01} were decreased significantly by acupuncture compared with no acupuncture treatment.
Conclusions. Acupuncture can improve the retrobulbar circulation and IOP, which may indicate the efficacy of acupuncture for

OAG.

1. Introduction

Glaucoma is one of the causes of blindness [1] and the Tajimi
Study showed that the prevalence of primary open-angle
glaucoma (OAG) was 3.9% in Japan [2]. The main treatment
strategy of glaucoma is to control the intraocular pressure
(I0P) [3]. Although IOP reduction is currently the main
target for the treatment of glaucoma, treatment modalities
that enhance retrobulbar hemodynamics in addition to
reducing IOP may have a beneficial effect on the glaucoma
therapy. It has been reported that glaucoma is associated
with reduction in the blood flow velocity and elevation
of the resistive index (RI) in the retrobulbar vessels [4—
7]. It has also been reported that patients with OAG have
impaired hemodynamics in ophthalmic circulation [8-10].

The impaired ocular circulation contributes to the progres-
sion of glaucomatous damage [11-13]. Therefore, new drugs
or interventions that improve ocular hemodynamics may be
preferable.

Recently, acupuncture has been widely applied to treat
several conditions such as neck pain, shoulder pain, lumbar
pain, headache, and hypertension in Asian and Western
countries, and it has also been found to be effective
for many conditions in several randomized trials [14—
20]. Acupuncture has also been used for the treatment
of ocular diseases, including glaucoma, in traditional Chi-
nese medicine [21]. We have shown that acupuncture
therapy added to the standard medication could affect
the I0OP level in eyes with normal-tension glaucoma
[22], and several other studies have demonstrated that



acupuncture improves choroidal blood flow in the eye [23—
25].

We have already reported that color Doppler imaging
(CDI) by ultrasound is suitable for measuring the blood
flow change in several organs during traditional Chinese
medicine therapy [26-30]. The real-time and noninvasive
hemodynamic measurement with CDI has been applied for
measuring the retrobulbar vessel hemodynamics, and the
reproducibility has already been shown [31]. In this study,
we evaluate the hemodynamic changes in retrobulbar vessels
by CDI to investigate the effect of acupuncture on OAG eyes.

2. Subjects

After the ethics committee approved the study, 11 patients
diagnosed with OAG (20 eyes with OAG) were enrolled in
this study. The patients received standard medical treatment
for at least 3 months. The patients who had an experience
of laser trabeculoplasty, any ocular surgery, or inflammation
within the past year were excluded in the present study.

3. Methods

3.1. Acupuncture. On the trial days, the patients arrived
under regular medications. They received acupuncture ther-
apy as follows in the morning. The acupoints were selected
on the basis of the principles of traditional Chinese medicine.
Acupuncture was performed for 15min using disposable
stainless steel needles (0.16 mm or 0.20 mm X 40 mm; Seirin
Co. Ltd., Shizuoka, Japan) at acupoints Cuanzhu (BL2),
Taiyang (M-HN9), Sibai (ST2), Zusanli (ST36), Sanyinjiao
(SP6), Taixi (K13), and Taichong (LR3) bilaterally while the
patient was in the supine position and at acupoints Fengchi
(GB20), Ganshu (BL18), and Shenshu (BL23) bilaterally
while the patient was in the prone position for 15min.
Each needle was simply inserted without any intention of
eliciting specific responses (e.g., de-qi feelings) to a depth
of approximately 20 mm at acupoints ST36, SP6, K13, GB20,
BL18, and BL23. For acupoints BL2, M-HN9, §T2, and LR3,
the needles were inserted to a depth of approximately 3-
10 mm. Neither needle manipulation techniques nor other
auxiliary interventions were used. Five licensed acupunc-
turists and one physician-acupuncturist with over 5 years
of acupuncture experience administered the acupuncture
treatment.

3.2. Measurements. To minimize the effects of diurnal vari-
ation, all measurements were recorded at the same time of
the day (between 10 AM and 11 AM) for each patient by the
same examiner. As a control, the subjects received the mea-
surements of the systemic hemodynamics, retrobulbar vessel
hemodynamics, and IOP that were performed at rest and
one hour after rest. One month later, they received the same
measurements before and after acupuncture treatment. The
systemic hemodynamics was measured by an oscillometer
and the hemodynamics in retrobulbar vessels was measured
by ultrasound (LOGIQ e, GE Healthcare, Tokyo, Japan). The
ultrasound measurements were performed after 10-minute
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Tasre 1: Characteristic data of the patients with open-angle
glaucoma.

Variable Value
Number of patients 11
Age (years) 63+ 11
Sexuality (male, female) (1, 10)
Number of eyes with glatcoma 20
Best corrected visual acuity 1.1£0.3
Spherical equivalent (D) -1.6 =32
Humphrey automated perimeter

Mean deviation (dB) ~-11.5+738

Pattern standard deviation (dB) 10.2 £ 4.5

OCT RNFL thickness (gm) 70.5 £ 21.8
The number of topical medications

None 1

One kind 4

Two kinds i

More than three kinds 5

rest in an air-conditioned room, avoiding any pressure on
the eye, with the patients in the supine position. CDI was
performed with a 13 MHz linear transducer for retrobulbar
vessels such as the ophthalmic artery (OA), central retinal
artery (CRA), and short posterior ciliary artery (SPCA).
The OA was examined approximately 20 mm behind the
globe (Figure 1(a)), the CRA was examined within 5 mm of
the retrolaminar portion of the optic nerve (Figure 1(b)),
and the temporal SPCA was examined approximately 5-
10 mm behind the globe (Figure 1(c)). All blood flow velocity
waveforms were measured at the corrected Doppler angle.
Resistive index (RI: (peak systolic velocity — end-diastolic
velocity)/peak systolic velocity) was also measured in each
retrobulbar vessel.

3.3. Statistical Analysis. Statistical analysis was performed
with the SPSS software (version 16.0, SPSS Japan Inc.,
Tokyo, Japan). The parameters between before and after
acupuncture or between control and acupuncture were
compared by paired t-test.

4. Results

Table 1 shows the characteristics of the subjects. One male
and ten female glaucoma patients with a mean age of 63 = 11
years were observed. The systemic hemodynamic parameters
including heart rate, blood pressure, and IOP are shown in
Table 2. The blood pressure and heart rate did not change
significantly by acupuncture.

The TOP level significantly decreased by acupuncture
compared with before acupuncture (P < .05). The A value
of IOP also significantly decreased by acupuncture compared
with control (P < .01) (Table 2).

Retrobulbar vessel RI in the OA, CRA, and SPCA is
shown in Table 3. The RI in the CRA and SPCA decreased
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Frgure 1: Horizontal scans by color Doppler imaging through the globe showing the (a) ophthalmic artery, (b) central retinal artery, and
(¢) short posterior ciliary artery.
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TapLr 2: Blood pressure, heart rate, and intraocular pressure in control and acupuncture therapy. The values represent the mean and $D.
*P <.05, **P < .01 versus rest or before acupuncture. ' P < .05, '' P < .01 versus control.

o - Control Acupuncture
Parameter )

Rest After 1 hour Avalue Before After A value
Systole blood pressure (mm Hg) 116.4 +10.0 1198 = 7.6 34+74 1245+ 12.9 122.6 9.7 ~1.1x79
Diastolic blood pressure (mm Hg) 69.8 6.5 68.6 + 3.9 —1.0 % 9.4 74.5 £ 5.4 720+ 2.9 ~3.0 %55
Heart rate (beats/min) 61.5+73 60.1 = 8.1 -25+38 61.7 + 8.5 60.3 + 10.4 —24+55
Intraocular pressure (mm Hg) 16.0 4.1 17.1 = 4.2%* 1+09 17.0 £ 5.0 16.0 + 4.3* -1+ 19"

TasLe 3: Resistive index (RT) in the ophthalmic artery, central retinal artery, and short posterior ciliary artery. The values represent the mean
and SD. *P < .05, **P < .01 versus before acupuncture. TP < .05, "1 P < .01 versus control.

o Control Acupuncture
Resistive index
Rest After 1 hour Avalue Before After Avalue
Ophthalmic artery 0.74 = 0.04 0.75 % 0.05 0.006 = 0.037 0.74 = 0.04 0.74 = 0.04 ~0.006 = 0.036
Central retinal artery 0.75 £ 0.09 0.72 £ 0.03 —0.027 + 0.085 0.72 £ 0.05 0.68 + 0.04* —-0.036 + 0.059
Short posterior ciliary artery ~ 0.68 = 0.05 0.68 = 0.04 0.004 = 0.038 0.67 £ 0.04 0.64 = 0.06" ~0.032 = 0.054'

significantly by acupuncture compared with before acupunc-
ture (P < .05). The A value of RI in the SPCA also sig-
nificantly decreased by acupuncture compared with control
(P <.01) (Table 3).

5. Discussion

To our best knowledge, this is the first report on hemody-
namic change in retrobulbar vessels related to acupuncture
in OAG eyes. The present findings suggest that acupuncture
can alter vessel resistance in the SPCA, even though the eyes
are treated with standard medications.

The OA originates from the internal carotid artery. The
CRA and SPCA are the ocular branches of the OA [32].
The CRA supplies blood to the retina and SPCA, to the
choroid. CDI by ultrasound is useful for the measurement
of the blood flow in various vessels in real time. Since
it is impossible to determine the diameter of very small
retrobulbar vessels, CDI cannot directly measure blood
flow volume. However, the decrease of the distal vascular
resistance in the SPCA indicates an increase of the blood flow
in the choroid. We have already reported that acupuncture
could increase the blood flow volume in the upper limb
without an increase in the cardiac output, and the increased
reaction in the blood flow was mediated by the decrease
in the vascular resistance on the basis of the decreased
vascular tone [30]. The mechanisms by which acupuncture
can alter retrobulbar vessel circulation are still unclear.
However, it has been reported that the blood flow in the
eye is controlled by sympathetic and parasympathetic nerves,
and it is related with the release of nitric oxide or calcitonin
gene-related peptide [33, 34]; it has also been reported
that the regulation of regional blood flow by somatic
afferent stimulation is based on somatoautonomic reflex
mechanisms in the choroidal blood flow of the eyeball [34].
The hemodynamic changes in the SPCA by acupuncture
may be related with these mechanisms. Reduced blood flow
velocities and increased vascular resistance in the retrobulbar

arteries appear to be a risk factor for glaucoma progression
[35-38]. Thus, acupuncture may be applied for additional
therapy to treat OAG.

We should view these results cautiously because the
present study was a case series study and intervention was
provided only once. Longer observation of acupuncture ther-
apy is needed to investigate the progression of glaucomatous
damage associated with impaired ocular circulation.

6. Conclusions

The vessel resistance in the SPCA and the TOP level
were decreased by acupuncture in OAG eyes. Acupuncture
can affect the retrobulbar circulation and IOP despite the
administration of standard medication. The present study
implies the possibility that acupuncture is effective for OAG
with standard medication.
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We describe a new technique for removing a large intraocular foreign body by 25-gauge microincision vitrectomy surgery (25G-
MIVS). Noncomparative interventional case series were perfornied at a single centre. Two patients with a long smooth intraocular
vitreal foreign body underwent phacoemulsification and aspiration, intraocular lens implantation, 25G-MIVS, and extraction of
the foreign body. The foreign body was removed through a posterior capsulorhexis, anterior continuous curvilinear capsulorhexis,
and a corneal incision. In both cases, the foreign body was safely removed through the corneal incision, and IOL was implanted
and well positioned. The surgical incision did not require suturing. No postoperative complications associated with this technique
were found. The corneal endothelial cell density was maintained over 2000 cells/mm? in both cases during recent follow-up
examinations. Our findings indicate that 25G-MIVS with this technique can be used to extract a long slender smooth foreign

body. It is safe, without complications, and can be performed without enlarging the 25-gauge sclerotomy.

1. Introduction

The removal of an intraocular foreign body is difficult,
and less invasive techniques that lead to good postoperative
vision from the early stage are being investigated. If a large
foreign body is extracted from the eye, an enlargement of
the sclerotomy is needed, and intraoperative suturing is
required. The suturing usually leads to corneal astigmatism.

25-gauge microincision vitrectomy surgery (25G-MIVS)
was first reported in 2002, and this technique is commonly
used worldwide for various retinal diseases including rheg-
matogenous retinal detachments [1-4]. The increase in the
use of MIVS has been enhanced by studies that demon-
strated significant reductions in postoperative astigmatism,
conjunctival injection, pain, and discomfort [5-7]. However,
the use of 25G-MIVS for the removal of a foreign body
without an enlargement of the sclerotomy had not been
reported [8, 9].

The purpose of this study was to determine whether 25G-
MIVS can be used to remove an intraocular foreign body
without suturing.

2. Technique

Case 1. A 31-year-old man presented 4 days after a corneal
laceration in the temporal area of the right eye (Figure 1(a)).
His best-corrected visual acuity (BCVA) was 6/20, and the
intraocular pressure was normal. The corneal wound was
self-sealed without any leakage, but a small penetrating
wound was seen in his right iris at the 9 o’clock position. Slit-
lamp examination showed a posterior subcapsular cataract
at the same position. Fundus examination showed vitreous
haemorrhage, and computed tomography showed a metallic
foreign body in the vitreous (Figure 1(b)).

The foreign body was a straight metallic nail without
a head that was 1.0mm in diameter and 7.0 mm long
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FiGure 1: Preoperative slit-lamp photographs, preoperative fundus photograph, preoperative computed tomographic image, and intraop-
erative photographs of intraocular foreign body (Case 1 (a, b, ¢), Case 2; (d, e, f)). (a) Preoperative slit-lamp photograph shows a slight
penetrating wound in the iris and lens at the 9 o’clock position and a posterior subcapsular cataract at the same position. (b) Fundus
photograph showing vitreous haemorrhage and retinal tear with subretinal haemorrhage located on the temporal side of the macula.
Computed tomographic image showing a large foreign body. (¢) Intraoperative fundus showing a large metallic intraocular foreign body
anterior to the retina. (d) External photograph showing the penetrating wound at the 4 o’clock position and the corneal wound was closed
by corneal sutures during the initial surgery. (e) Slit-lamp photograph showing that the posterior subcapsular cataract has progressed. (f)
Intraoperative fundus photograph showing large glass intraocular foreign body anterior to the retina.

(Figure 1(c)). We performed phacoemulsification and aspi-
ration (PEA) through a 2.4mm corneal incision, 25G-
MIVS, and extracted the foreign body. First, we picked
up the foreign body off of the retina with forceps and
moved it into the vitreous cavity. Then, it was moved into
the anterior chamber through a posterior capsulorhexis
and an anterior continuous curvilinear capsulorhexis, and
we grasped the foreign body with another forceps and
removed the foreign body through the corneal wound which
was used for PEA. Thus, the foreign body was extracted
through a posterior capsulorhexis, an anterior continuous
curvilinear capsulorhexis, and the corneal incision (triple
C-through technique; Figures 2(a) and 2(b)). In addition,
endophotocoagulation was performed on a retinal tear and
on the area surrounding a subretinal haemorrhage located on
the temporal side of the macula. An intraocular lens (IOL)
was implanted in the capsular bag. All wounds including
the incision for the cataract and vitreous surgeries did
not require any suturing, and the IOL was well positioned
(Figure 2(c)).

One month after the surgery, the BCVA was 20/20, and
this BCVA was maintained for 32 months. No postoperative
complications except a small epiretinal membrane developed
during the 32 months of followup. The corneal endothelial
cell density at baseline and at 32 months was 2834 and
2288 cells/mm?, respectively.

Case 2. A 2l-year-old man presented with a 7-day-old
corneal laceration at the 4 o’clock position of the left eye

(Figure 1(d)). The wound was closed by the initial surgery,
and there was a trace of a penetrating wound in the
corresponding iris at same position. Slit-lamp examination
showed a posterior subcapsular cataract (Figure 1(e)). Indi-
rect ophthalmoscopy showed that the vitreous was clear, but
there was a large glass-like object in the vitreous free from
the retina (Figure 1(f)). The foreign body was a piece of glass
that was 2.0 mm wide and 8.0 mm long. The retina around
the foreign body was not inflamed. The BCVA was 20/20 in
his left eye, and the intraocular pressure was normal.

We performed PEA through a 2.4 mm corneal incision,
25G-MIVS, extraction of the foreign body, and implantation
of an IOL in the sulcus. Before grasping the foreign body
with 25-gauge forceps, perfluorocarbon liquid (PFCL) was
used to float the foreign body above the retina and macula.
The floating foreign body was located at the margin of the
PFCL because of its buoyancy, gravity, and PFCLs surface
tensity, and we grasped the foreign body with forceps and
removed it as in Case 1. Thus, the foreign body was extracted
through a posterior capsulorhexis, an anterior continuous
curvilinear capsulorhexis, and the corneal incision (triple
C-through technique; Figures 2(d) and 2(e)). The 2.4 mm
corneal incision was slightly enlarged to 3 mm to extract the
foreign body safely. All of the surgical wounds including that
for the cataract surgery required no suturing (Figure 2(f)).

One month after the surgery, the BCVA was 20/20,
and this BCVA was maintained for 6 months, and no
complications developed during the six-month followup.
The corneal endothelial cell density at baseline and at 6
months was 2884 and 3021 cells/mm?, respectively.
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Frgure 2: Intraoperative photographs and postoperative slit-lamp photographs of Case 1 (a, b, ¢) and Case 2 (d, ¢, f). (a) and (b) Metallic
foreign body extracted through an anterior and posterior capsulorhexis, and corneal incision (triple C-through technique). (c) Slit-lamp
photograph (inverted image as seen by the surgeon) 1 day postoperatively showing no need of suturing, no subconjunctival haemorrhage,
and well-positioned intraocular lens. (d) and (e) Glass foreign body extracted through an anterior and posterior capsulorhexis, and corneal
incision (triple C-through technique). (f) Slit-lamp photograph (inverted image as seen by the surgeon) 1 day postoperatively showing no
need of suturing, except the original penetration wound, no subconjunctival haemorrhage and well-positioned intraocular lens.

3. Discussion

The removal of a foreign body usually requires a relatively
large sclerotomy, and closing the sclerotomy with sutures
often leads to postoperative corneal astigmatism. In addition,
extracting a foreign body through the sclerotomy can damage
the ciliary body and peripheral retina because it is difficult
to see the foreign body when it is being extracted. Thus, we
believe that extracting a foreign body through a small corneal
wound that does not require suturing is a safer way to obtain
good vision postoperatively.

The extraction of a foreign body through a 6 mm scle-
rocorneal tunnel using 20-gauge conventional vitrectomy
instruments was recently reported [8]; however, the scle-
ral incision required suturing. The use of 25G-MIVS to
remove foreign body has also been reported, although an
enlargement of the sclerotomy was required in all cases [9].
We combined posterior capsulorhexis with microincision
cataract surgery (corneal incision 2.4mm) and vitreous
surgery (25G-MIVS) as a safe method of extracting a foreign
body without complications and not requiring suturing.

Our study has several weaknesses, including its retro-
spective nature, only two cases, and short follow-up periods.
However, we had very good results, and we recommend that
a soft shell be used to protect the corneal endothelial surface
and care be taken to keep the foreign body from touching
the corneal endothelial surface. PFCL also should be used to
protect the posterior part of retina for an accidental falling
of the foreign body during this procedure. This technique
of triple C-through technique is probably best suited to a

long slender smooth foreign body and should not be used
for larger foreign bodies of odd shape.

In conclusion, under favorable conditions of intraocular
foreign bodies, we recommend 25G-MIVS to remove for-
eign bodies safely without suturing. Further investigations
including evaluation of the postoperative visual quality
and complications are needed to determine efficacy of this
procedure.
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Calpain, an intracellular cysteine protease, has been
widely reported to be involved in neuronal cell death.
The purpose of this study is to investigate the role of
calpain activation in axonal damage-induced retinal
ganglion cell (RGC) death. Twelve-week-old male calp-
statin (an endogenous calpain inhibitor) knockout mice
{CAST KO) and wild-type (WT) mice were used in this
study. Axonal damage was induced by optic nerve
crush (NC) or tubulin destruction induced by leaving a
gelatin sponge soaked with vinblastine (VB), a microtu-
bule disassembly chemical, around the optic nerve.
Calpain activation was assessed by immunoblot analy-
sis, which indirectly quantified the cleaved a-fodrin, a
substrate of calpain. RGCs were retrogradely labeled
by injecting a fluorescent tracer, Fluoro-Gold (FG), and
the retinas were harvested and flat-mounted retinas
prepared. The densities of FG-labeled RGCs harvested
from the WT and CAST KO groups were assessed and
compared. Additionally, a calpain inhibitor (SNJ-1945,
100 mg/kg/day) was administered orally, and the den-
sity of surviving RGCs was compared with that of the
vehicle control group. The mean density of surviving
RGCs in the CAST KO group was significantly lower
than that observed in the WT group, both in NC and in
VB. The mean density of surviving RGCs in the SNJ-
1945-treated group was significantly higher than that of
the control group. The calpain inhibitor SNJ-1945 has a
neuroprotective effect against axonal damage-induced
RGC death. This pathway may be an important thera-
peutic target for preventing this axonal damage-
induced RGC death, including glaucoma and diabetic
optic neuropathy and other CNS diseases that share a
common etiology. © 2011 Wiley Periodicals, Inc.

Key words: calpastatin; axonal
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damage; glaucoma;

Glaucoma affects 70 million people worldwide and
is a secondary cause of blindness (Quigley, 1996;
Resnikoft” et al,, 2004). Glaucoma is characterized by

© 2011 Wiley Periodicals, Inc.

glaucomatous optic neuropathy (GON) and is associated
with optic nerve fiber atrophy that results in progressive
visual loss (Weinreb and Khaw, 2004). Although
increased intraocular pressure (IOP) is widely recognized
as a major risk factor for glaucoma, the pathogenesis of
the disease remains unclear. Lowering TOP is currently
the only standard treatment to prevent disease progres-
sion (Heijl et al., 2002), and different eye drops are used
for the treatment of glaucoma in the clinic. However,
some patients with significant IOP reduction still show
disease progression (Anderson et al., 1998). Normal-ten-
sion glaucoma (NTG) is a major type of glaucoma
(Iwase et al., 2004), particularly in Asia, with myopia
and aging, in addition to high IOP, being major risk fac-
tors (Suzuki et al., 2006). Currently, the pathogenesis of
retinal ganglion cell (RGC) death in patients with NTG
has yet to be elucidated, even though RGCs are known
to be particularly vulnerable (Levin, 2003). Neuropro-
tection against RGC death has been emphasized as an
important goal in disease management (Levin, 2003), but
this has yet to be achieved.

Calpains are a family of 14 calcium-regulated, in-
tracellular cysteine proteases, which modulate cellular
functions through a limited, specific proteolysis (Huang
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and Wang, 2001). Calpain-1 (mu-calpain) and calpain-2
(m-calpain) are the two major typical calpain isoforms.
In various pathological systemic diseases, including renal
ischemic injury (Chattegjee et al., 2005) and intestinal is-
chemia (Marzocco et al,, 2004), and in central nervous
system (CNS), an overload of calcium ion (Ca®") influx
in cytosol leads to cellular death (Camins et al., 20006).
Calpains are members of the cysteine pxotusc family
activated by increased intracellular Ca® levels (Camins
et al., 2006) raised locally through calcium channels,
such as voltage-gated calcium channels, intracellular
stores, and N-methyl-D-aspartate (NMDA) receptors.
Activated calpains cleave several substrates, including
a-spectrin (Nath et al., 1996), calcineurin (Wu et al.,
2004), subunits of the NMDA receptor NR')A (Gute-
mann et al, 2002) and NR2B (Simpkins et al., 2003),
NCAM (Sheppeud et al., 1991), and p35 (I’atuck et al.,
1999). The cleavage effects of activated calpain lead to
apoptotic cell death, and calpain signaling is involved in
several pathological conditions (Bizat et al., 2003a,b;
Chiu et al., 2005).

For the visual systemn, as a part of the CNS, cal-
pain-dependent damage had been reported in many reti-
nal disease (Azuma and Shearer, 2008). Our previous
studies have demonstrated that calpain-dependent de-
phosphorylation of Akt plays a critical role in NMDA-
induced retinal cell death in vivo (Nakazawa et al,
2005, 2009). Retinal excitotoxicity is involved in vessel

occlusion (Matini et al., 1997), diabetic retinopathy
(Ambati et al, 1997; Deng et al, 2000), and acute

ocular hypertension (Lam et al., 1997). Therefore, the
inhibition of the calpain pathway is thought to be thera-
peutic against various retinal diseases. Recendy calpain
expression and activation have been shown in an experi-
mental model of glaucoma (Huang et al, 2010; Qu
et al., 2010) and RGC death in vitro (McKernan et al,,
2007); however, the details of whether the ocular hyper-
tension-induced calpain activation has a causative role in
RGC death remain unknown. Insights into the mecha-
nisms of axonal damage-induced RGC death are
urgently needed to aid in the development of new neu-
roprotective treatment strategies for patients with glau-
coma.

In this study, we developed a mouse model of axo-
nal damage and investigated whether the calpain path-
way had a causative role in axonal damage-induced
RGC death. In addition, we examined whether the in-
hibition of calpain would be a useful drug target in the
treatinent of glaucoma.

MATERIALS AND METHODS

Animals

In total, 133 male wild-type mice (C37BL6, age 12
weeks, 23-27 ¢) and 87 calpastatin (CAST) KO mice
(Higuchi et al., 2005; Takano et al., 2005; age 12 weeks, 25—
30 g) were used. The surgical procedures were performed
with animals under deep anesthesia with an intramuscular
administration of a mixture of ketamine (100 mg/kg) and
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xylazine (9 mg/kg). All mice were euthanatized with an intra-
peritoneal injection of a lethal dose of pentobarbital.

All animals were maintained and handled in accordance
with the principles presented in the guidelines for the use of
animals in neuroscience research and the guidelines from the
Declaration of Helsinki and the guiding principles in the care
and use of animals. All experimental procedures described
here were approved by the Ethics Committee for Animal
Experiments at Tohoku University Graduate School of Medi-
cine. All animals were treated according to the National Insti-
tutes of Health guidelines for the care and use of laboratory
amimals.

Drugs

For oral administration, calpain inhibitor powder (SNJ-
1945, molecular weight 909; Senju Pharmaceutical Co.) was
suspended in distilled water with 0.5% carboxymethyl cellu-
lose (CMCQC) and orally administered (0.5 ml, 100 mg/kg)
every day until sacrifice. CMC (0.5 ml) was given as a con-
trol. On the day of surgery, SNJ-1945 was administered orally
1 hr before the nerve crush procedure or vinblastine treat-
ment. In vitro, SNJ-1945 was dissolved in dimethylsulfoxide
(ODMSQO; 046-21981; Wako) and then further diluted (final
concentration 4 and 40 pM, 0.1% of DMSO) in the culture
medium Neuarobasal-A  (10883-022; Invitrogen, Carlsbad,
CA). Brain-derived neurotrophic factor (BDNF; 450-02;
Peprotech, Rocky Hill) was dissolved in phosphate-buffered
saline (0.5 pg/pl) with 0.1% bovine serum albumin (BSA).
Immediately following the nerve crush or vinblastine adminis-
tration, a 2-l solution of BDNF was injected into right vitre-
ous of the mice. Tat-BH4 (197217; Bcl-xL BH44-23; EMD
Chemicals, Gibbstown, NJ) was dissolved in 100% DMSO
and diluted 10 times with saline to a final concentration 1 g/
pl. Thirty minutes before the nerve crush or vinblastine
administration, 200 ul Tat-BH4 solution was administered in-
traperitoneally (20 mg/kg).

Surgery

The neuronal retrograde tracer Fluoro-Gold 2% (FG;
Fluorochrome, LLC, Denver, CO) was prepared in saline,
and 1.V-dioctadecyl-3,3,3" 3'~tetramethylindocarbocyanine
perchlorate 1% (Di-I, 468495; Sigma-Aldrich, St. Louis, MO)
was prepared in DMSO. Seven days before the surgery, retro-
grade labeling was performed as described previously (Naka-
zawa et al., 2006, 2007b). Bricfly, the animal was anesthetized
and the skin over the cranium was incised to expose the scalp.
A hole 1 mm in diameter was made on each side of the skull
with a drill at 4 mm posterior to the bregma and 1 mm lateral
to the midline. One microliter of 2% FG solution or 1% Di-1
solution was slowly injected at a 2-mm depth from the surface
of skull with a Hamiltou syringe equipped with a 32-G nee-
dle. The overlying skin was sutured with 6-0 nylon, and ant-
biotic ointment was externally applied.

Seven days after retrograde labeling, optic nerve surgery
was performed. After exposure of the optic nerve, the nerve
was crushed with fine forceps for 10 sec and released. Blood
circulation was confirmed to be normal, and antibiotic oint~
ment was applied. For the vinblastine model, after blunt dis-
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section of periocular connective tissue, the optic nerve was
exposed. Vinblastine (1377; Sigma-Aldrich) was dissolved in
saline at several concentrations: 0.1, 1, 3, and 10 mM. The
gelatin sponge Spongel (rent to 2 mm”; Yamanouchi, Japan)
soaked in vinblastine solution was placed around the optic
nerve. Blood circulation was confirmed to be normal, and an-
tibiotic ointment was externally applied.

Retinal Flat Mount and RGC Counting

For the count of the RGCs surviving following the
axonal (nerve crush or vinblastine treatment) damage, the reti-
nas were harvested 3, 7, 10, 14, and 28 days after surgery for
time-course analysis. For the vinblastine dose-dependent anal-
ysis and SNJ-1945 treatment, the retinas were harvested 7
days after the surgery. All retinas were flat mounted, and the
density of RGCs was counted under a fluorescent microscope
(Axiovert 200; Carl Zeiss, Oberkochen, Germany) as previ-
ously described (Nakazawa et al., 2006, 2007b). Briefly, reti-
nas were fixed in 4% paraformaldehyde (PFA) for 2 hr. Then
retinas were flat mounted onto glass slides, and RGCs labeled
with FG or Di-I were counted in 12 distinct areas of 2.46 X
1077 mm? cach (three areas per retinal quadrant at one-sixth,
one-half, and five-sixths of the retinal radius). The density of
the RGCs was defined as an average value of the 12 fields.
The counting was performed by three independent investiga-
tors in a masked fashion, and the data were averaged.

Primary Culture and BIII-Tubulin Positive Cells Count-
ing

Primary culture of retinas was performed as previously
described (Nakazawa et al., 2007a,b). Briefly, retinas were dis-
sected and dissociated with a papain digestion solution for 15
min. The suspended retinal mixed cells were seeded (5,700
ccl]s/nn112) onto a CC2-coated chamber slide (154941;
Thermo Fisher Scientific, Waltham, MA) and kept in Neuro-
basal-A medium (10888-022; Invitrogen) with 5% B27 sup-
plement, 0.5 mM L-glutamine (25030-149; Invitrogen), 0.25
mg/ml gentamicin (G1397; Sigma-Aldrich), and 5 pg/ml in-
sulin (I6634; Sigma-Aldrich), with or without SNJ-1945 (4
and 40 uM). The cells were incubated for 24 hr before being
fixed for immunocytochemistry.

Five images were caprared (450 X 330 mm) randoinly
from cach well of the chamber slide. The Blli-tubulin® cells
were counted by three independent investigators in a masked
fashion, and DAPIY cells were counted by WinRoof software
(version 5.8.1; Mitani Co.). There were four wells for each
condition, and the average percentage of PllI-tubulin® cells/
DAPT™ cells was calculated for further analysis.

Immunohistochemistry and Immunocytochemistry

Immunohistochemistry (IHC) and immunocytochemis-
oy (ICC) were performed as previously reported (Nakazawa
et al., 2007a, 2009). For THC, surgically removed eyes still
attached to the optic nerve were fixed with 4% PFA over-
night at 4°C and then cryoprotected with PBS with 20% su-
crose. Cryosections (thickness 10 pm) were mounted on the
slides and incubated with blocking buffer (10% goat serum,
0.5% gelatin, 3% BSA and 0.2% Tween 20 in PBS). Next,

they were incubated with mouse monoclonal antibodies
agamnst neurofilament (RT-97; 1:200; ab17126; Abcam, Cam-
bridge, United Kingdom) for 2 hr at room temperature. The
sections were washed three tdmes with PBST (PBS containing
0.2% Tween 20) and then incubated with an Alexa 488 sec-
ondary antibody (1:200; A11029; Invitrogen) for 1 hr. The
shides were washed three times and mounted with Vectashield
mounting medium (H1000; Vector, Burlingame, CA).

For ICC, the retinal mixed-culture cells seeded on the
chamber slide were fixed with 4% PFA for 10 min at room
temperature. After blocking as described above, they were
incubated with monoclonal ant-BIlI-tubulin antibody (1:200;
T8660; Sigma-Aldrich) for 2 hr. All other steps, as described
above, were followed to complete the ICC procedure.

Immunoblot Analysis

Three days after the axonal damage surgery, the retinas
were isolated and placed into lysis buffer (10 mmol/liter Tris-
HCI [pH 7.6], 100 mmol/liter NaCl, 1 mmol/liter EDTA,
1% Triton X-100, and protease inhibitors). Each sample was
separated with SDS-PAGE and electroblotted onto polyvinyli-
dene fluoride (PVDDF) membranes (Millipore, Bedford, MA).
After nonspecific binding had been blocked with 4% skim
milk (Bio-Rad Laboratories, Hercules, CA), the membranes
were incubated at 4°C overnight with a mouse monoclonal
antibody against a-fodrin (1/1,000; ab11755; Abcam) and -
actin (1:2,000, F3022; Sigma-Aldrich). The membranes were
then incubated with a horseradish peroxidase-conjugated
mouse immunoglobulin secondary antibody, followed by avi-
din-biotin horseradish peroxidase complexes (Vectastain Elite
ABC Kit; Vector). The signals were visualized with chemilu-
minescence (ECL  Blotting  Analysis  System;  Amersham,
Arlington Heights, IL), measured in Image] software (ver-
sionl.34 for Mac), and normalized to B-actin.

Statistical Analysis

The data were analyzed with the Scheffe’s post hoc test
followed by ANOVA or Mann-Whitney U-tests with the
software EXCEL Statistics (SSRI, Tokyo, Japan). P < 0.05
was considered statistically significant and is highlighted in all
figures with an asterisk. All values are expressed as mean =

SD.

RESULTS

To confirm axonal damage in this study, we first
examined the axonal morphology. Seven days after the
nerve crush or vinblastine treatments, the optic nerves
around the damaged area were harvested, and the tissues
were investigated by IHC with a neurofilament antibody
RT-97). The immunoreactivity of the neurofilament
was homogeneously detected in untreated mice (Fig.
TA,B). In mice with a crushed optic nerve, the neurofi-
lament immunoreactivity was disrupted just in the dam-
aged area (Fig. 1C, arrow). The proximal part of the
optic nerve appeared normal, and Wallerian degenera-
tion occurred in the distal part of optic nerve (Fig. 1C).
In the vinblastine-treated group, the axon was damaged
on both the proximal and the distal parts of damaged
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Fig. 1. Morphology of optic nerve after the axonal damage. Representative THC photographs at lower

(A,C,E) and higher (B,D,F) magnification with a neurofilament antibody (RT-97) on longitudinal
optic nerve of untreated mice (A,B) and at day 7 after nerve crush (C,D) or vinblastine treatment (E,F).

Arrows indicated the damage area.

area (Fig. 1E,F). Next, we investigated the axonal dam-
age with a fluorescein tracer. We labeled RGCs by Di-I
7 days prior to the axonal damage surgery. Three days
after the surgery, the RGCs were labeled again by FG
(Fig. 2A). In the sham operation group (control), both
Di-1 and FG labels could be observed in the RGCs (Fig.
2B, upper row). However, in the axon-damaged group,
only Di-I-labeled RGCs were observed and FG-labeled
RGCs were not (Fig. 2B, middle and lower rows).
These data suggest that both the nerve crush and vin-
blastine treatments induce RGC axonal damage.

To investigate the time course of RGC death fol-
lowing axonal damage, RGCs were labeled with FG 7
days prior to axonal damage, and the density of surviving
RGCs at the various time points, 3, 7, 10, 14, and 28
days, after surgery was determined (Fig. 3A). The density
of FG-labeled RGCs following optm nerve crush was
3,738 = 308 cells/mm” at day 0, 3,555 * 165 cells/
mm” at day 3 (P = 0.100, compared with day 0), 1,153
= 79 cells/mm” at day 7, 839 * 92 cells/mm” at day
10, 685 = 110 cclls/mm at day 14, and 488 = 71
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cells/mm? at day 28. From day 3 to day 7, the density
of RGCs quickly decreased, and, after day 7, the density
slowly decreased from day 7 to day 10. Finally, the rate
of density decrease flattened out from day 10 to day 28
(Fig. 3C). The time course of the RGC death was simi-
lar in both the nerve crush and the vinblastine treat-
ments. The density of the FG-labeled RGCs following
vinblastine treatment was 3,677 * 229 cells/mm” at chy
0, 2,959 = 283 cells/mm? at day 3 (P = 0.001, com-
pared with day 0), 1,266 = 139 cells/mm? at day 7, 837
+ 171 cells/mm” at day 10, 629 * 101 cells/mm? at
day 14, and 570 *+ 78 cells/mm” at day 28 (Fig. 3C).
On day 3 after axonal damage, the density of FG-labeled
RGCs was significantly lower in the vinblastine-treated
group than in the nerve crush group (P = 0.005).

To investigate the dose dependence of vinblastine
on the RGC death, the density of FG-labeled RGCs
was counted 7 days after surgery, treatment with vehicle,
and treatment with 0.1, 1, 3, 10 mM wvinblastine for
each condition (Fig. 4A). Treatment with more than |
mM vinblastine significantly induced the loss of RGC



A
Day -7 Day 0 Day 3 Day 10
&

L o <

Di-l labeling Nerve crush/ FG labeling Flat mount

i Vinblastine

r
Sup:

Y

or

rior colliculus

(]

sy
[———

nerve crush or
vinblastine

FluoroGold Overlay

Control

Vinblastine

Nerve crush

200um

Fig. 2. Double labeling for investigation of the distarbance of axonal  right optic nerve. In the sham operation groups (contol), both the
flow. A: Schematic diagram of double- and intermittent-labeling  Di-I- and the FG-labeled RGCs were observed (B, upper panels). In
technique with two fluorescein tracers, Fluoro-Gold (FG) and Di-I.  vinblastine or nerve crush group, only Di-I-labeled RGCs were
B: Representative results of flat-mounted retina 7 days after sham  observed and FG-labeled RGCs were not (B, middle and lower
operation (upper panels) or vinblastine-treated (lower panels) from  panels).



