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Intraocular Concentrations of Cytokines and Chemokines
in Rhegmatogenous Retinal Detachment and the Effect
of Intravitreal Triamcinolone Acetonide

HIROSHI KUNIKATA, MASAYUKI YASUDA, NAOKO AIZAWA, YUJI TANAKA, TOSHIAKI ABE, AND
TORU NAKAZAWA

e PURPOSE: To investigate the role of intravitreal injec-
tion of triamcinolone acetonide (IVTA) in preventing
photoreceptor apoptosis in eyes with rhegmatogenous
retinal detachment (RRD) by measuring cytokine levels
in the aqueous humor before and after IVTA.

e DESIGN: Prospective, nonrandomized, interventional
case series.

e METHODS: SETTING: Institutional. PATIENTs: Nineteen
eyes of 19 consecutive patients with RRD. INTERVENTION:
All 19 eyes underwent IVTA 1 day before 25-gauge
vitrectomy. Seventeen eyes free of retinal vascular
disease served as controls. MAIN OUTCOME MEASURE:
Both baseline and 1 day post-IVTA measurements were
made of the relative concentrations of 15 soluble factors
(3 cytokines, 7 chemokines, and 5 growth factors). The
associations with clinical findings, including macular
status, were then analyzed.

e RESULTS: Elevated monocyte chemotactic protein
1 (MCP-1), macrophage inflammatory protein 1P
(MIP-1B), and interferon y—induced protein 10 (IP-10)
in eyes with RRD were significantly reduced after
IVTA. MCP-1 levels were significantly correlated with
MIP-1B and IP-10 before and after IVTA. The decreases
in MCP-1, MIP-1B, and IP-10 were also closely
correlated to each other. Both before and after IVTA,
MCP-1 was higher in eyes with macula-off RRD than
in eyes with macula-on RRD.

e CONCLUSIONS: IVTA suppressed elevated levels of
intraocular MCP-1, MIP-1B, and IP-10 in eyes with
RRD. The decrease in the aqueous levels of each of these
factors was significantly correlated with the others. In
addition to MCP-1, MIP-1 and IP-10 might potentially
be additional target molecules for RRD therapy. (Am]
Ophthalmol 2013;155:1028-1037. © 2013 by Elsevier
Inc. All rights reserved.)
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a common retinal disease that causes visual field
defects and severe visual disturbance. Newly

developed surgical interventions, particularly 25-gauge
microincision vitrectomy surgery (25GMIVS), have
led to a very high initial reattachment rate for
eyes with RRD, currently about 95%.'7'° Even after
successful reattachment, however, degeneration of the
photoreceptors in the detached area of the retina often
prevents complete recovery of visual function.™!!

Vitreous samples from eyes with RRD have shown signif-
icantly elevated levels of monocyte chemotactic protein
1 (MCP-1) compared to controls.'*!* Previous research
by our team, performed with an experimental animal
model, showed that MCP-1, along with tumor necrosis
factor a (TNF-a), is implicated in the pathogenesis of
photoreceptor degeneration and apoptosis following retinal
detachment.'**® Furthermore, the administration of
antibodies and corticosteroid suppressed photoreceptor
degeneration and apoptosis in our animal model and
lowered the intraocular expression of both MCP-1 and
TNEF-a. The current study examines the specific effects of
corticosteroid in human subjects with RRD. Corticosteroid
is already in wide use for a variety of ocular diseases, and
triamcinolone acetonide (TA) in particular is well recog-
nized for its anti-inflammatory properties. There are
many reports on the successful use of intravitreal injection
of triamcinolone acetonide (IVTA) as a treatment for
exudative conditions of the posterior segment.' "2

In this prospective study, therefore, we hypothesized that
in the preoperative period, IVTA would suppress inflam-
mation and photoreceptor apoptosis in human eyes with
RRD. To evaluate our hypothesis, we measured levels of
intraocular mediators including chemokines and cytokines,
such as MCP-1 and TNF-q, and analyzed their response to
IVTA in eyes with RRD. Thus, the purpose of this report is
to evaluate the effect of IVTA on the intraocular concen-
tration of mediators in eyes with RRD.

R HEGMATOGENOUS RETINAL DETACHMENT (RRD) IS

MATERIALS AND METHODS

e SETTING AND DESIGN: This was an institutional,
prospective, nonrandomized, interventional case series.

0002-9394/$36.00
http://dx.doi.org/10.1016/j.aj0.2013.01.013



RRD (n = 19) P Value

Groups Mediators Control (n = 17) {(pg/mL) Baseline (pg/mL) After IVTA (pg/mL) CvsB Bvsl
Cytokines IL-6 21 =23 261 = 674 277 £ 617 <.0012 .27
IFN-y 54 +82 16.8 = 12.7 229+ 9.6 .003? .04°
TNF-a 40=x73 36*29 4928 .02? .02°
Chemokines MCP-1 177 + 26 1004 + 667 591 £ 515 <.001% <.001°
MIP-1a 1.3+£29 0.14 = 0.28 0.22 = 0.28 77 .21
MIP-18 1137 33.4 = 16.7 22.2 £ 103 <.0012 .004°
RANTES 2834 3.0x24 59 £ 3.2 .48 .008°
Eotaxin 0.0+ 0.0 22.6 = 18.7 35.0 £ 21.0 <.001? 1
IP-10 485 + 491 2384 + 2553 1936 = 1856 <.001? .04°
iL-8 4529 216116 26.7 =+ 16.8 <.0017 .20
Growth factors VEGF 6125 123 + 67 206 = 117 .003? <.001°
bFGF 9.5+ 838 119x 115 203 =115 .35 .00g®
G-CSF 1.9x34 19.7 + 38.9 97.2 £ 107.8 <.0012 <.001®
GM-CSF 191 + 37 212 = 68 275 = 59 .23 .001?
PDGF-BB 38=53 53*3.9 9.4 + 4.1 .06 .007°

Subjects were recruited from patients referred to the
Surgical Retina Service of Tohoku University Hospital.
Surgical intervention and follow-up were both performed
at this clinic. Informed consent for both the treatment
and participation in the research for this prospective study
(University Hospital Medical Information Network;
UMIN Study ID N.: UMINO00009418) was approved by
the institutional review board of Tohoku University Grad-
uate School of Medicine (Prot. N.2006-262, November 20,
2006). Informed consent for both the treatment and partic-
ipation in the research was obtained from each patient and
the research was conducted according to the provisions of
the Declaration of Helsinki, 1995 (as revised in Edinburgh,
2000).

e PATIENTS: All patients had RRD and were studied in the
period before 25GMIVS. The inclusion criterion was clini-
cally detectable RRD. The exclusion criteria were prior
vitreous surgery or IVTA, intravitreal anti~vascular
endothelial growth factor (VEGF), ocular inflammation,
and vitreoretinal or optic nerve diseases. Clinical and
demographic characteristics were collected, including
age, macular status, extent of RRD, number of retinal
breaks, preoperative best-corrected visual acuity (BCVA),
1-month-postoperative BCVA, 6-month-postoperative
BCVA, 1-month-postoperative foveal thickness (FT), and
6-month-postoperative FT. BCVA was measured with the

VoL. 155, No. 6

INTRAVITREAL THERAPY FOR RHEGMATOGENOUS RETINAL DETACHMENT

Landolt C visual acuity chart, and the decimal acuities
were converted to logarithms of the minimal angle of
resolution (logMAR) units. The extent of the RRD was
graded 1 to4 according to the number of quadrants it covered.

e INTERVENTION: IVTA was performed in all patients
1 day before 25GMIVS. The TA (Kenacort-A; Bristol-
Meyers Squibb, Tokyo, Japan) diluent was replaced with
a balanced salt solution (BSS Plus; Alcon Laboratories,
Fort Worth, Texas, USA) after Millipore filtration (Millex
GS Filter Unit with MF-Millipore MCE Membrane,
0.22 pm; Merck Millipore Ltd., Tullagreen, Carrigtwohill,
County Cork, Ireland), and the volume was adjusted so that
0.1 mL contained 4 mg TA. The TA was injected using
a 27-gauge needle and a standard pars plana approach
(3.5 mm posterior to the limbus). Before performing
IVTA, samples of the aqueous humor were collected and
the levels of mediators in the anterior chamber were
measured. We next performed IVTA, and a day later
collected a second aqueous humor sample, before beginning
25GMIVS. During 25GMIVS, we also collected samples of
the vitreous. Patients undergoing 25GMIVS for epiretinal
membrane (ERM) or macular hole (MH) served as controls.

e MAIN OUTCOME MEASURE: We investigated mediator
levels in the pre- and post-IVTA aqueous humor, as well as
the relationship between mediator levels and clinical findings
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FIGURE 1. Relationship between chemokine levels in the aqueous humor before intravitreal injection of triamcinolone acetonide.
(Top left) The aqueous humor level of monocyte chemotactic protein 1 (MCP-1) was significantly correlated with that of interferon
vy-induced protein 10 (IP-10) (r = 0.48, P = .04). (Top right) In addition, the aqueous humor level of MCP-1 was significantly
correlated with that of macrophage inflammatory protein 18 (MIP-1B) (r = 0.50, P = .03). (Bottom) The aqueous humor level
of IP-10 was likely correlated with that of MIP-1, but not significantly (r = 0.44, P = .06).

including age, macular status, size of RRD, number of retinal
tears, preoperative BCVA, 1-month-postoperative BCVA,
6-month-postoperative BCVA, 1-month-postoperative FT,
and 6-month-postoperative FT. We also measured mediator
levels in the post-IVTA vitreous.

e MEASUREMENT OF INFLAMMATORY MEDIATORS: We
withdrew aqueous humor samples before [VTA with a 30-
gauge needle, to prevent increasing intraocular pressure
later on, after IVTA. We next collected aqueous humor
samples 1 day after IVTA, just before 25GMIVS. Special
care was taken to avoid touching intraocular tissues (ie,
the cornea, the iris, and the lens) and to prevent mixing
intraocular samples with other fluids. The samples of
aqueous humor (about 100 L) were collected in sterile
tubes and were immediately frozen at —80 C. Control
samples of the aqueous humor from eyes undergoing
vitreous surgery for ERM or MH were collected as controls
and were also immediately frozen. The inflammatory
mediators we investigated fell into 3 groups: (1) 3 cytokines:
interleukin 6 (IL-6), interferon y (IFN-y), and TNF-a; (2)
7 chemokines: MCP-1/CCL2; macrophage inflammatory
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protein la (MIP-1a)/CCL3; macrophage inflammatory
protein 1B (MIP-1B)/CCL4; regulated on activation,
normal T cell expressed and secreted (RANTES)/CCL5;
eotaxin/CCL11; interferon y~induced protein 10 (IP-10)/
CXCL10; and IL-8/CXCLS8; and (3) 5 growth factors:
VEGEF, basic fibroblast growth factor (bFGF), granulocyte
colony-stimulating factor (G-CSF), granulocyte-macrophage
colony-stimulating factor (GM-CSF), and platelet-derived
growth factor BB (PDGE-BB). Samples were analyzed using
a multiplex bead analysis system, the Bio-Plex system (Bio-
Rad Laboratories, Hercules, California, USA). A custom-
made kit (Bio-Plex Human Cytokine Assay; Bio-Rad
Laboratories) was used to detect the mediators. For the
experiment, aqueous humor and vitreous samples were
diluted 4 times with sample diluent (Bio-Rad Laboratories).
A total volume of 50 pL from each sample was used for the
assay. The kits were used according to the manufacturer’s
instructions.

¢ STATISTICAL ANALYSES: All analyses were performed
with Ekuseru-Toukei 2006 software (Social Survey
Research Information Co Ltd, Tokyo, Japan). The data
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FIGURE 2. Alterations of levels of chemokines in the aqueous humor after intravitreal injection of triamcinolone acetonide. After
intravitreal injection of triamcinolone acetonide (IVTA), the aqueous humor levels of monocyte chemotactic protein 1 (MCP-1),
macrophage inflammatory protein 1 (MIP-1f), and interferon y—induced protein 10 (IP-10) were significantly reduced
(P < .001, P = .004, and P = .04, respectively). Each mediator showed a correlated decrease with the others (Top left:
MCP-1 and IP-10: r = 0.69, P = .001; Top right: MCP-1 and MIP-18: r = 0.57, P = .01; Bottom: IP-10 and MIP-1B:

r = 047, P = .04).

are presented as means *+ standard deviation. The signifi-
cance of the difference between the pre- and post-IVTA
data was assessed by the Wilcoxon signed rank test. The
significance of the difference in the concentration of cyto-
kines between eyes with an RRD and control subjects was
assessed by the Mann-Whitney U test. The Spearman coef-
ficient of correlation by rank was calculated to determine
the correlation between aqueous humor and vitreous levels
of the mediators. The Spearman coefficient of correlation
by rank was also calculated to determine the correlation
between the cytokine levels in the aqueous humor and clin-
ical findings. The significance of the difference in the
concentration of the cytokines between eyes with
a macula-off RRD and macula-on RRD was assessed by
the Mann-Whitney U test. A P value of less than .05 was
considered to be statistically significant.

RESULTS

NINETEEN EYES OF 19 PATIENTS (15 MEN AND 4 WOMEN) WITH
RRD were included in this study. The ages of the patients
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ranged from 40 to 71 years with a mean of 56.9 = 8.0 years.
Preoperative BCVA was 0.50 = 0.75 logMAR units and
ranged from —0.08 to 2.00 logMAR units. One-month-
postoperative BCVA was 0.27 * 0.40 logMAR units and
ranged from —0.08 to 1.22 logMAR units. Six-month-
postoperative BCVA was 0.11 * 0.23 logMAR units and
ranged from —0.08 to 0.70 logMAR units. One-month-
postoperative BCVA and 6-month-postoperative BCVA
were better than preoperative BCVA (P = .06 and
P = .04, respectively). One-month-postoperative FT was
232.7 = 424 pm and ranged from 156 to 306 wm.
Six-month-postoperative FT' was 246.1 * 37.1 wm and
ranged from 170 to 300 wm. The mean follow-up period
was 7.3 = 3.5 months with a range of 2 to 13 months. There
were 11 eyes with macula-off RRD and 8 eyes with macula-
on RRD. The extent of the RRD was 1.8 = 0.5 and ranged
from 1 to 3. The mean number of retinal tears was 2.1 = 1.8.
Complete reattachment was finally obtained in all 19 eyes
with RRD after surgical intervention following IVTA. No
severe adverse events such as endophthalmitis or any
systemic side effects were observed in the study. Seventeen
patients, including 9 with an ERM and 8 with an MH,
were studied as controls.
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FIGURE 3. Relationship between chemokine levels in the aqueous humor after intravitreal injection of triamcinolone acetonide.
(Top left) After intravitreal injection of triamcinolone acetonide, the aqueous humor level of monocyte chemotactic protein 1
(MCP-1) was significantly correlated with that of interferon y—induced protein 10 (IP-10) (r = 0.55, P = .01). (Top right) In addi-
tion, the aqueous humor level of MCP-1 was significantly correlated with that of macrophage inflammatory protein 1 (MIP-18)
(r = 0.56, P = .01). (Bottom) The aqueous humor level of IP-10 was also significantly correlated with that of MIP-13
(r = 0.49, P = .03).

At baseline, IL-6, IFN-y, MCP-1, MIP-1B, eotaxin, correlated with that of IP-10 (r = 0.55, P = .01)
[P-10, IL-8, VEGF, and G-CSF were detected in the (Figure 3, Top left). In addition, the aqueous humor level
aqueous and were significantly higher in eyes with an | of MCP-1 was significantly correlated with that of MIP-18
RRD than in controls (P < .001, P = .003, P < .001, P (r = 0.56, P = .01) (Figure 3, Top right). The aqueous
< .001, P < .001, P < .001, P < .001, P = .003, P < humor level of IP-10 was also significantly correlated
.001, respectively) (Table). Before IVTA, the aqueous | with that of MIP-1B (r = 0.49, P = .03) (Figure 3,
humor level of MCP-1 was significantly correlated with Bottom). After IVTA, the vitreous level of MCP-1 was
that of IP-10 (r = 0.48, P = .04) (Figure I, Top left). In | significantly correlated with the aqueous humor level of
addition, the aqueous humor level of MCP-1 was also MCP-1 (r = 0.52, P = .03) (Figure 4, Top left). In addi-
significantly correlated with that of MIP-1B (r = 0.50, tion, the vitreous level of IP-10 was significantly corre-
P = .03) (Figure 1, Top right). The aqueous humor level | lated with the aqueous humor level of IP-10 (r = 0.78, P
of IP-10 was likely correlated with that of MIP-1B, but < .001) (Figure 4, Top right). The vitreous level of MIP-

not significantly (r = 0.44, P = .06) (Figure 1, Bottom). 1B was significantly correlated with the aqueous humor
After IVTA, the levels of MCP-1, MIP-18, and IP-10 level of MIP-1B (r = 0.86, P < .001) (Figure 4, Bottom).
were significantly reduced (P < .001, P = .004, and P = After IVTA, the vitreous level of MCP-1 was significantly
.04, respectively) (Table). Each mediator showed a corre- correlated with that of IP-10 (r=0.71, P =.001) (Figure 5,
lated decrease with the others, (MCP-1 and IP-10: r = Top left). In addition, the vitreous level of IP-10 was

0.69, P = .001; MCP-1 and MIP-1B: r = 0.57, P = .01; significantly correlated with that of MIP-1B (r = 0.58,
IP-10 and MIP-1B: r = 0.47, P = .04) (Figure 2; Top P = .01) (Figure 5, Top right). The vitreous level of
left, Top right, and Bottom, respectively). After [IVTA, MCP-1 was likely correlated with that of MIP-1B, but
the aqueous humor level of MCP-1 was significantly | not significantly (r = 0.41, P = .09) (Figure 5, Bottom).
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FIGURE 4. Relationship between chemokine levels in the aqueous humor and vitreous after intravitreal injection of triamcinolone
acetonide. (Top left) After intravitreal injection of triamcinolone acetonide, the vitreous level of monocyte chemotactic protein 1
(MCP-1) was significantly correlated with the aqueous humor level of MCP-1 (r = 0.52, P = .03). (Top right) In addition, the
vitreous level of interferon y—induced protein 10 (IP-10) was significantly correlated with the aqueous humor level of IP-10
(r = 0.78, P < .001). (Bottom) The vitreous level of macrophage inflammatory protein 1 (MIP-1B) was significantly correlated

with the aqueous humor level of MIP-18 (r = 0.86, P < .001).

Before IVTA, MCP-1 was higher in eyes with macula-
off RRD (1337.2 £+ 776.9 pg/mL) than in eyes with
macula-on RRD (579.7 = 256.8 pg/mL) (P = .03). IL-8
was also higher in eyes with macula-off RRD (27.4 *
11.4 pg/mL) than in eyes with macula-on RRD (13.7 *
7.4 pg/mL) (P = .008). Pre-IVTA eotaxin was signifi-
cantly correlated with the extent of the RRD
(r = —0.60, P = .007) and pre-IVTA VEGF was weakly
correlated with the number of retinal tears (r = 0.47,
P = .04). After IVTA, MCP-1 was higher in eyes with
macula-off RRD (811.3 = 609.2 pg/mL) than in eyes
with macula-on RRD (288.5 *= 101.2 pg/mL) (P =
.006). Post-IVTA IFN-y and MIP-1la were significantly
correlated with 1-month-postoperative BCVA (r = 0.57,
P = .01 and r = 0.66, P = .002, respectively) and post-
IVTA VEGF was also significantly correlated with the
number of retinal tears (r = 0.57, P = .01). Post-IVTA
bFGF was weakly correlated with 1-month-
postoperative BCVA (r = 0.47, P = .04). Post-IVTA
G-CSF was also weakly correlated with 6-month-postop-
erative FT (r = —0.50, P = .049).

VoL. 155, No. 6
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DISCUSSION

WE SET OUT TO EVALUATE THE EFFECT OF IVTA ON
mediator levels in the aqueous humor of human eyes with
RRD. Our baseline measurements showed that levels of
IL-6, IFN-y, MCP-1, MIP-1B, eotaxin, IP-10, IL-8,
VEGF, and G-CSF were significantly higher in eyes with
RRD than in a control group. After IVTA, the levels of
MCP-1, MIP-1B, and IP-10 decreased significantly; these
decreases were closely correlated to each other. Thus, our
study is the first to report IVTA’s ability to suppress
elevated levels of intraocular MCP-1, MIP-18, and IP-10
in eyes with RRD (Figure 6). Our study additionally
revealed that both before and after IVTA, MCP-1 was
higher in eyes with macula-off RRD than in eyes with
macula-on RRD.

Our finding that intraocular concentrations of MCP-1,
IL-6, IL-8, and VEGF are significantly elevated in patients
with RRD confirms existing research.”*® Our study
also supports existing data showing that the intraocular
concentration of TNF-a is not elevated in eyes with
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FIGURE 5. Relationship between chemokine levels in vitreous after intravitreal injection of triamcinolone acetonide. (Top left)
After intravitreal injection of triamcinolone acetonide, the vitreous level of monocyte chemotactic protein 1 (MCP-1) was signifi-
cantly correlated with that of interferon y—induced protein 10 (IP-10) (r = 0.71, P = .001). (Top right) In addition, the vitreous
level of IP-10 was significantly correlated with that of macrophage inflammatory protein 18 (MIP-1B) (r = 0.58, P = .01). (Bottom)
The vitreous level of MCP-1 was likely correlated with that of MIP-1, but not significantly (r = 0.41, P = .09).

RRD.%¢ Interestingly, however, our data showed that
corticosteroid cannot suppress TNF-«, contradicting our
earlier work with an animal model.'* The exact reason
for this is unclear, but there were many differences between
the earlier study and the present one besides the use of,
respectively, animal and human subjects. The type of intra-
ocular sample also differed (retinal in the animal study vs
aqueous humor in the present one), as did the length of
corticosteroid intervention (3 days vs 1 day), delivery
method for the medication (intraperitoneal vs intravitreal
injection), and method of analysis (mRNA quantification
with RT-PCR vs protein quantification by multiplex bead
analysis system).'* Furthermore, it is also possible that
the chemokines differ in their rate of clearance from the
anterior chamber, and TNF-a might clear more slowly
from the anterior chamber than MCP-1, MIP-1, or IP-10.

The use of IVTA to treat eyes with proliferative ocular
disease was part of a series of pioneering achievements in
ophthalmology in the 1980s. Researchers at that time
used animal models to show IVTA’s capacity to inhibit
fibroblast growth and significantly reduce the rate of retinal
detachment.?” Since then, it has become widely used in
clinical practice in eyes with a broad range of retinal
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diseases, including uveitis, diabetic macular edema, retinal
vein occlusion, and age-related macular degenera-
tion.?%233-25 Dryg therapies in general have not yet
been considered for eyes with RRD, as the priority has
been improving methods for surgical reattachment. There
are many patients, however, whose visual function
does not recover completely, even after complete
reattachment, because of retinal cell death in the time
surrounding surgical intervention. Now that excellent
surgical techniques, such as 25GMIVS, have established
a very high reattachment rate,'™'° the time has come to
consider methods to address this gap in treatment.

We believe that IVTA, if performed promptly, can
suppress photoreceptor apoptosis between RRD diagnosis
and surgical intervention. The key to retinal protection
during this period, as shown by initial studies using animal
models, is control of the levels of several intraocular medi-
ators, including MCP-1 and TNF-o.'*'® These studies
reported that the application of corticosteroid achieved
this control for MCP-1, lowering its intraocular expression
and suppressing photoreceptor death. We are the first to
further demonstrate that the application of corticosteroid
also reduces MCP-1 in human eyes with RRD. This is an
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FIGURE 6. Schema of the protective effect of intravitreal injection of triamcinolone acetonide (IVTA) on retinal photoreceptors in
eyes with rhegmatogenous retinal detachment. There was a relationship between intraocular chemokine levels before and after IVTA
in eyes with rhegmatogenous retinal detachment. (Left) At the baseline, monocyte chemotactic protein 1 (MCP-1), macrophage
inflammatory protein 1 (MIP-1B), and interferon y-induced protein 10 (IP-10) were significantly higher in eyes with RRD
than in controls. (Right) After IVTA, levels of MCP-1, MIP-18, and IP-10 were significantly reduced, and these decreases were
closely correlated to each other. Using IVTA, it was possible to suppress elevated levels of the critical intraocular chemokines (ie,

MCP-1, MIP-1, and IP-10) that lead to photoreceptor apoptosis.

important finding, because if the interval between RRD
diagnosis and surgery is long, significant apoptosis can
occur. This interval can vary depending on individual
clinics, standards of care in different countries, and
patients’ lives.*®*" Our results showed that MCP-1 levels
were more elevated in eyes with macula-off RRD, a partic-
ularly relevant finding given that this type of RRD is known
to lead to severe central visual disturbance postoperatively.
The nature of IVTA means that it is especially appropriate
if buckling is chosen as an RRD therapy, because that
procedure keeps the entire vitreous intact in the eye. The
injected corticosteroid can thus continue to suppress
apoptosis even after surgery. In short, then, although it
may not be possible to restore photoreceptors that have
already undergone apoptosis, we believe that [VTA can
help ensure the survival of the remaining photoreceptors.

The precise relationship between MCP-1, MIP-13, and
IP-10, and their role in apoptosis in eyes with RRD, remains
unclear. As we have already reported, the first of these
controllable mediators, MCP-1, exhibits increased expres-
sion in animal models in the Muller glia and macrophage/
microglia.'*'® MCP-1 can contribute to monocyte recruit-
ment in areas where the outer retina has detached during
the pathogenesis of RRD. The second mediator, MIP-1,
is a member of the C-C subfamily of chemokines, like
MCP-1. Recent animal studies showed that MIP-1 is the
most upregulated chemokine, and that it is involved in
the recruitment of bone marrow—derived monocyte lineage
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cells to the hypoxic retina.***? Since RRD causes hypoxia
in the detached area of the outer retina, it is thus
understandable that MIP-1B levels rise. MIP-1B is also
upregulated in human eyes with macular edema associated
with branch retinal vein occlusion, and is significantly
reduced after IVTA.** In this clinical study, a decrease in
foveal thickness after IVTA was directly correlated with
a decrease in MIP-1B.** Thus, it may not be surprising
that MCP-1 and MIP-1B were expressed in eyes with
RRD, as RRD leads to retinal ischemia and inflammation.
The third mediator, IP-10, belongs to the group of
a-chemokines. It has been reported to be significantly
associated with increased levels of MCP-1 in vitreous
samples from patients with RRD and proliferative diabetic
retinopathy.” The relationship between these 3 upregu-
lated and controllable chemokines, however, remains
unclear, and should be the subject of future research. If their
antibodies were injected in animal eyes with RRD and the
response analyzed, the chemokines’ pathway and order of
expression could be clarified. Although it may be impossible
to detect caspase 3 activity in the aqueous humor or
vitreous, it should be possible in the retina.*® A more direct
assay of apoptosis, therefore, such as an anti—cleaved
caspase 3 test, might also demonstrate that retinal apoptosis
is regulated after [VTA, clearly confirming our hypothesis.

Our study was thus limited by the lack of a direct assay of
apoptosis, as well as a small sample size, an interval between
administration of IVTA and analysis of its effects that was
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necessarily short because of ethical considerations, and
a lack of clinical, morphologic, and functional findings
from a comparison between an IVTA group and a non-
IVTA group. Nevertheless, we believe our results show
that IVTA is currently the best way to suppress intraocular
mediators and reduce photoreceptor death in eyes with
RRD, at least until the antibodies for these mediators are
ready for clinical use.

In conclusion, our findings show that elevated MCP-1,
MIP-1B, and IP-10 in human eyes with RRD can be

controlled with the application of IVTA. The decreases
after IVTA in MCP-1, MIP-1B, and IP-10 were closely
correlated to each other. Preconditioning with IVTA
suppressed levels of intraocular MCP-1, MIP-18, and
[P-10, chemokines that, when elevated, can lead to photo-
receptor apoptosis in eyes with RRD. Further investigation
is needed to evaluate the relationship between these
chemokines and clinical findings of postoperative visual
quality and complications to determine the efficacy of

IVTA.
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