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ABSTRACT:

The ocular disposition and toxicity of GEM132, a mixed backbone
phosphorothioate oligonucleotide developed for the treatment of
cytomegalovirus-induced retinitis, were studied in rabbits for 6
months following single intravitreal injection of 5, 20, or 100 ng/eye
(toxicity) and 3.7, 15.7, or 78.5 ug/eye (disposition). Intraocular
pressure, electroretinograms, and ophthalmoscopy were evalu-
ated in the toxicity arm as well as gross and microscopic pathology
at the termination of the study. Vitreous humor, retina, and the
remaining ocular tissues were collected from all animals in the
disposition arm. No toxicities were observed in the low-dose
group. Intraocular pressure was transiently mildly increased in the
mid- and high-dose groups; macroscopic findings were mild and
infrequent. Changes in electroretinograms and histopathological
findings attributed to GEM132 were observed by 4 weeks postdose

in the high-dose group. Area under the curve values in all ocular
tissues sampled were proportional to dose, suggesting GEM132
disposition exhibited first-order kinetics. Vitreous humor concen-
trations decreased in a multiphasic manner, consistent with rapid
distribution. Polyacrylamide gel electrophoresis analysis of retinal
extracts indicated that, at 4 weeks postdose, 90% of the radioac-
tivity was associated with parent compound. At 8 weeks postdose,
this had decreased to 70%, and subsequently to 50% at 21 weeks
postdose. In retina, GEM132 reached concentrations >5 times ICq,
by 1 week postdose, with maximum concentrations 4 to 8 weeks
postdose. Retinal concentrations of intact GEM132 then declined
at a very slow rate. Microautoradiography suggested that radioac-
tivity was distributed throughout the retinal layers, the largest
amount being located in the middle layers.

1803/850741

The advancement of antisense oligonucleotides to human clinisalere, irreversible damage to the retina, resulting in progressive loss
trials as anticancer (Bayever et al., 1993; Stevenson et al., 1999; Cbérvision in the involved eye(s). Currently available therapies for
et al.,, 2000), anti-inflammatory (Glover et al., 1997), or antiviraCMV-induced retinitis include ganciclovir, foscamet, cidofovir, and the
(Perry and Balfour, 1999; '8ni et al., 1999) therapeutics has beemecently approved PS antisense oligonucleotide, fomivirsen (ISIS 2922).
greatly enhanced by progress in the synthesis of nuclease-resista@EM132 is a 20-mer mixed backbone oligonucleotide (MBO) with
oligonucleotides and an understanding of their pharmacological pra-O-methylribonucleosides at the twd-3and four 3-terminal nu-
erties. Most antisense oligonucleotides in clinical trials are phosphdeotides. It is antisense, complementary to the intron-exon boundary
rothioate (PS) oligonucleotides, DNA molecules in which singleof the UL35 and UL37 premRNA transcripts of HCMV, and has
nonbridging oxygen has been replaced by sulfur. This modificati@mown antiviral activity in vitro with an Ig, of about 0.1uM against
results in enhanced resistance to endonucleases, the enzymes pristandard laboratory strains of the virus (Pari et al., 1995). Viruses
ily responsible for the catabolism of oligonucleotides. Studies wittesistant to current therapies do not show cross-resistance to GEM132,
mixed backbone oligonucleotides (MBOs) where there is a substitwhich has shown activity against a battery of over 20 clinical HCMV
tion of the 2-position of ribose with alkyl substituents appear to holdsolates with an Ig, of about 0.1uM (Field et al., 1997). GEM132 has
promise of increased safety and more desirable pharmacokinetic preptered clinical trials as an antiviral for patients with HCMV-induced
erties, including a greater resistance to endonucleases than PS oligtinitis who can no longer benefit from or tolerate available therapies.
nucleotides (Agrawal et al., 1997a; Chen et al., 2000). Although studies have been published on the pharmacokinetics of

Human cytomegalovirus (HCMV), a common opportunistic infecPS oligonucleotides after intravitreal dosing (Leeds et al., 1997,
tion in immunocompromised persons, is a major cause of life-thred998), none have described the disposition and toxicity of an MBO
ening disease. CMV-induced retinitis, if left untreated, will causefter intravitreal administration. Because GEM132 had prolonged
persistence in tissues after i.v. administration to rats (Hybridon inter-
nal report), this investigation was designed to characterize the acute
and chronic toxicity and disposition of GEM132 in Dutch Belted
rabbits for 6 months after a single intravitreal dose.

" Abbreviations used are: PS, phosphorothioate; HCMV, human cytomegalo-
virus; ERG, electroretinogram; MBO, mixed backbone oligonucleotide; PAGE,
polyacrylamide gel electrophoresis; AUC, area under the curve.

Send reprint requests to: Barry H. Dvorchik, Ph.D., Barry Dvorchik & Asso-
ciates, Inc., 5809 Piney Lane Dr., Suite 105, Tampa, FL 33625. E-mail:
bdvorchik@email.msn.com

Materials and Methods
Synthesis and Purification of GEM132.GEM132 is a 20-base phospho-
rothioate MBO (3-UGGGGCTTACCTTGCGAACA-3), 6605-Da molecular
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mass (free acid), in which two deoxynucleosides at theelsd and four average recoveriestS.D.) were 79.7+ 13.2% (quality control standards),
deoxynucleosides at the 8nd (underlined) are substituted withr@-meth-  74.3+ 19.1% (day 7), 75.7 6.4% (day 14), 72.4= 10.3% (day 28), 74.1=
ylribonucleosides. GEM132 was chemically synthesized using deoxynuclé2% (day 56), 87.3+ 3.6% (day 114), and 87.4 12.0% (day 149). No
side phosphoramidites (Milligen, Milford, MA) and'-®-methylribonucleo- radioactivity &2X background) was measurable in the organic phase, indi-
side phosphoramidites (Glen Research, Sterling, VA) on an automateating that all the GEM132-associated radioactivities were retained in the
synthesizer as previously described (Padmapriya et al., 1994; Zhang et ajyeous phase following extraction. Loss of radioactivity was believed to be
1995) and purified by preparative reversed phase HPLC. The purity was 98#e to the difficulty in completely separating the two phases; a thin layer of the
as determined by capillary gel electrophoresis. Radiolabeled GEM132 (spgueous phase was always left behind. Anl&liquot of the aqueous phase
cific activity, 15 uCi/mg) was synthesized with [4 B'C]thymidine phosphora was loaded on a 20% polyacrylamide gel containing N6 urea and sub-
midite. The radiolabel was located in the first thymidine from therid. Purity  jected to electrophoresis (70-290 V, 3-14 mA, 60-153 min). Quality control
was 90% by capillary gel electrophoresis. standards (0.11, 0.60, and 4.1 mg/ml, corresponding to 780, 4,500, and 21,000
Experimental Design. Male Dutch Belted rabbits were given a singledpm) were prepared by adding known amounts of radiolabeled GEM132 to
intravitreal injection (50ul) of GEM132 in both eyes. Control animals re-retinal homogenates obtained from control rabbits. Duplicate standards were
ceived saline only. For the disposition study’G]JGEM132 was administered; loaded on each of the two outer channels of the gel. After electrophoresis,
eyes and selected tissues were harvested at various times postdosing ( Southern blots of the gels were performed on Qu&itrocellulose membranes
eyes/time point). The oligonucleotide was dissolved in 0.9% saline, and theer a period of about 12 h. The nitrocellulose membranes were then removed
doses administered were 3ug/eye (0.07uCi), 15.7 ug/eye (0.3uCi), and and allowed to dry at room temperature. Membranes were exposed to the
78.5ugleye (1.5uCi). For the toxicity study, unlabeled GEM132 was admin{hosphor screen for 25 to 288 h (Molecular Dynamics Storage Phosphor
istered at doses of 5, 20, or 1Q@/eye. Screen, Sunnyvale, CA) at room temperature, after which the phosphor screen
Electroretinograms (ERGSs). Electroretinograms were obtained from allwas scanned by a phosphor imager (Molecular Dynamics Phosphor Imager Sl)
animals in the study at regular intervals. Light stimuli included scotopic blutg obtain radioactivity profiles. The lower limit of detection was determined to
red, and white single flash and 30 Hz white flicker. The animals weilge an area o=15 phosphor image units. Concentrations of intact GEM132
anesthetized with ketamine (50 mg/kg)/xylazine (5 mg/kg) and dark-adaptedvgre calculated by multiplying the measured total radioactivity in the retina
least 30 min before recording of the ERG. A mydriatic agent was applied to ttietal MBO) by the fraction eluting with the same mobility as the standards, as
eyes to dilate the pupils before testing. determined by PAGE/phosphor image analysis and correcting for purity
Sample Processing and Storage Conditionst each time point, the left (90%).
eye from the even-numbered animals and both eyes from the odd-numberetntergel variability and intragel variability were determined for phosphor
animals were dissected, and retina, vitreous humor, and remaining ocular tiggaigge analysis. Intergel variability ranged from 8.6 to 5.3%. For intragel
were removed and weighed. The weighed vitreous humor (0724031 g, Vvariability, the %CV for four samples processed on the same gel ranged from
mean=+ S.D.) and retina (0.0283 0.0003 g) samples were homogenized irb.5 to 11.1%. The limit of quantification for phosphor image analysis, deter-
2 ml of 0.9% saline in preweighed glass tubes with a Teflon probe. Afténined for four different exposure times, was as follows: 295 dpm (24 h), 200
homogenization, aliquots of retina were solubilized in 35% tetraethylamm@pm (48 and 96 h), and 100 dpm (144 h).
nium hydroxide. Ten milliliters of Hionic Fluor scintillation fluid (Canberra
Packard, Ontario, Canada) was added to vitreous humor and solubilized retina,
and radioactivity was measured by liquid scintillation spectroscopy. Remain-Ophthalmic Examinations. Signs of ocular irritation attributed to
ing ocular tissue samples (1.470.18 g) were minced and digested in toto inthe injection of GEM132 were infrequent, mild, and transient. Mild
35% tetraethylammonium hydroxide. Duplicate aliquots of the digest wegg||ylar infiltrate in the anterior vitreous occurred almost exclusively
added tq 10 ml of‘ scm_tll_latlon fluid, and radioactivity was determined. Samy 1ha high-dose animals from 2 to 16 weeks postdose. Signs of ritis
ples having a radioactivity level of less than or equal to double backgrouw{ere also mild and infrequent. Retinal lesions were observed almost

were considered below the limit of quantitation and considered zero. exclusively in the hiah-dose animals. Chanaes in int |
Autoradiography and Microautoradiography Conditions. At each time y gn- ’ 9 ntraocular pressures

point, the right eye of each even-numbered animal was removed and fixed{f"® mild and transient and considered only potentially related to

a 2.5% gluteraldehyde solution, stored, refrigerated, and transferred withigatment. . .
24 h to 10% neutral buffered Formalin where they remained for at least 24 hElectroretinograms. Representative data for ERGs are shown in

before trimming. Eyes were then trimmed, dehydrated, infiltrated, and imbetiable 1. The scotopic white flash measures the response of both rods
ded in paraffin within 8 days after necropsy. Six-micrometer-thick sectiorand cones and is representative of overall retinal function. The mean
were prepared. The following procedures were conducted under reduced safeiiyies and standard deviations for B-wave amplitude and response
light conditions: sections were subjected to deparaffination, dipped in dilutﬁgtency both demonstrate significant dose-related decreases. No
and warmed Kodak NTB-2 nuclear track emulsion, followed by a 30-min ri”?fhanges were observed in the low-dose animals for any ERG param-
in hot distilled water and controlled drying. After drying, the emulsion-coategter’ when compared with controls. Statistically significant changes

slides were stored in lightproof plastic boxes at 4-8°C. All slides WeBat were observed in the mid-dose animals included a decrease in
developed after 15 days of exposure using a solution of Kodak D-19 developer,

washed, fixed in Kodak Rapid Fixer, and washed. Slides were stained H‘p"“’de in the SCOtOp_'C blue and rgd parameters d“””@_l weeks 4 to
H&E, mounted, and evaluated for the localization and relative concentration®$ decreased latency in the scotopic red parameter during week 10,
radioactivity (visualized as small, reduced silver grains lying on cellula#nd decreased amplitude in the scotopic white parameter, weeks 10 to
surfaces). A four-grade (1, slight; 2, mild; 3, moderate; and 4, severe) gradi®@. Statistically significant changes occurred in both amplitude and
scheme was used to semiquantify the amount of radioactivity. The amountiafency for all parameters (scotopic blue, red, white and white flicker)
radioactivity present in underlying sclera was used to establish a threshaldall time points measured in the high-dose animals. Due to the
between a negative and a slight deposition of radioactivity in the retina. seyerely decreased ERG potential observed at 16 weeks in the high-
Polyacrylamide Gel Electrophoresis (PAGE) and Phosphor Image gose group, we chose to terminate this group at this time. The
Analysis. Retinal homogenates were subjected to protein digestion by iNYacreased ERG potential that persisted for up to 20 weeks in the

bation with proteinase K enzyme (0.25 ml of a 20 mg/ml solution) containing . . .
20 mM Tris EDTA fa 3 h at60°C. Samples were extracted twice with Trisi%d dose group was the reason we chose to terminate the mid- and

ETDA-saturated phenol-chloroform solution (1:1, v/v) and once with chIor(!QW'_dose groups at \_Neek 21. . - .
form to remove proteinase K, digested protein, and lipids from nucleic acids, Histopathology. Histopathological findings attributed to the ad-

After extraction, an aliquot of the organic and aqueous phase from each sanfpigistration of GEM132 were seen in the retina, lens, and optic nerve
was removed, and total radioactivity was determined by liquid scintillatiogf a few animals in the mid-dose group at 8 and 21 weeks and the
spectroscopy. This allowed for the determination of extraction recovery. Thigh-dose group at 4, 8, and 16 weeks postdose. Slight retinal degen-

Results
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TABLE 1
Summary of electroretinograph data following a single intravitreal injection of GEM 132 (scotopic white, single flash)
Week 4 Week 8 Week 12 Week 20
Group Dose
Amplitude Latency Amplitude Latency Amplitude Latency Amplitude Latency
nVv ms Vv ms v ms Vv ms
1 Vehicle Mean 145.94 26.61 162.17 26.67 172.09 31.17 180.25 28.67
S.D. 56.13 5.14 71.39 5.30 36.66 7.28 30.89 5.51
2 GEM132 (5ugl/eyelinjection) Mean 158.39 27.34 171.65 25.25 174.35 26.25 178.16 26.08
S.D. 45.24 5.88 30.63 1.64 49.53 151 25.67 0.58
3 GEM132 (20ug/eyefinjection) Mean 122.37 2417 115.30 24.75 9885 25.7% 97.72" 25.08
S.D. 41.75 3.59 70.12 1.14 49.52 2.04 52.97 1.72
4 GEM132 (100ug/eyelinjection) Mean 46.835  17.64 20.30° 14.88 25.7% 9.9  Not measured  Not measured
S.D. 52.78 10.82 29.36 9.07 35.22 12.38

2 Statistically significant from week 4 < .05 { test).
b Statistically significant from group 1P < .05 (Dunnett’s test).
¢ Statistically significant from group 1P < .05 (Wilcoxon test).

eration characterized by partial disorganization of the inner and outecoveries at each sampling time between dose groups or, overall,
plexiform layer and the ganglion cell layer was observed in orteetween samples of retina homogenates spiked with radiolabeled
high-dose animal at week 4 and in three high-dose animals at weelGEM132. At day 7 postdose, all extracted radioactivities migrated
This finding was also observed in one mid-dose animal at weeks 8 amith the same mobility as GEM132. From day 14 to day 149 postdose,
21 and in one control and two low-dose animals at week 21. RetirthE mean radioactivity in extracted samples with a mobility similar to
detachment was observed in one high-dose animal at week 8.GEM132 declined to 45.1% on day 149. In the low- and mid-dose
basophilic granular material was observed in the retina of one higiroups, radioactivity associated with shorter chain length oligonucle-
dose animal at week 4, in three high-dose animals at week 8, andtides was first detectable on day 28 (9.3-12.5%) and increased to
two high-dose animals at week 16. One mid-dose animal at weelalBout 45% (range 43.3—48.9%) by day 149 (Table 4). There were no
also presented with this finding. A slight to mild mononuclear infilapparent differences in the radioactivity compositions related to the
tration was seen in the optic nerves of some high-dose animalsddferent doses administered.
weeks 4 and 6 and in one high-dose animal at week 16. This was als®etinal concentrations of intact GEM132 (total radioactivity
observed in some mid-dose animals at week 8. purity X fraction in region A) as a function of time are shown in Fig.
Systemic Exposure following Intravitreal Administration. 1. Analysis of the retinal concentrations of intact GEM132 within
Plasma concentrations of total radioactivity were lower by 3 to dach respective dose group (Tukey-Kramer honestly significant dif-
orders of magnitude compared with that in ocular tissues. GEM132rence test, JMP Statistical Discovery Software, Version 3.1; SAS
derived radioactivity in tissues such as kidneys, liver, and spleen wastitute, Inc., Cary, NC) indicated no statistically significant differ-
also low compared with that in ocular tissues. The highest concentesrces between the concentrations at 29 and 56 days postdosing.
tion of radioactivity in nonocular tissues was seen in the liver 14 da@gEM132 concentrations in the retina increased from 7 days (first
postdose and equaled 2.3% of the intraocular dose. sample) to the following apparent maximum values at 56 days post-
Disposition Kinetics of GEM132-Derived Radioactivity in Vit- dose: 23.8+ 3.5 ug Eg/g (low-dose), 84.8- 11.3 ug Eq/g (mid-
reous Humor. AUC values in vitreous humor increased somewhatose), and 448.1ug Eq/g (high-dose). Subsequently, at the last
less than proportional to dose (Table 2). GEM132-derived radioactsampling time, concentrations of GEM132 in the retina were lower:
ity was cleared rapidly from the vitreous humor (Fig. 1). At 7 day8.8 = 3.5 ug Eq/g (low-dose), 26.3 5.4 ug Eqg/g (mid-dose), and
postdose=93% of the dose had cleared the vitreous humor, whict81.0 ug Eqg/g (high-dose).
increased t0=99% of the dose by 28 days postdose. Radioactivity The localization and relative concentration of radioactivity in the
distributed rapidly throughout the tissues of the eye (Table 3).  retina were visualized as small, reduced silver grains lying on the
Disposition Kinetics and Metabolism of GEM132-Derived Ra- cellular surface. Representative photographs resulting from these mi-
dioactivity in Retina. The AUC values in retina increased approxicroautoradiography studies are shown in Fig. 3. The largest amount of
mately in proportion to the dose (Table 2). The profiles of radioacadioactivity was observed in the middle layers of the retina, com-
tivity by PAGE/phosphor image analysis of retina homogenates ggsing the inner and outer nuclear layers and the outer plexiform
presented in Table 4. Figure 2 shows representative electrophdayers. The following gradient of radioactivity distribution was con-
grams from different gels. Differences in the mobility of the calibrasistently observed in the retina: less radioactivity was observed in the
tion standard from gel to gel were corrected by running calibratiorentro-anterior (ventro-rostral) portion than in the posterior (caudal)
standards with each gel. There was no apparent difference in #ra dorso-rostral portions of retinal tissue. Radioactivity was also

TABLE 2
GEM132 AUC and relative AUC ratios for retina, vitreous humor, and remaining ocular tissue after a single intravitreal injection
Retingd Vitreous Humo? Remaining Ocular Tissde
Dose Dose Ratio

AUC,_, AUC Ratio AUC, AUC Ratio AUC,, AUC Ratio
ugleye ng Eq- daylg ng Eq- daylg g Eq- day/g
3.7 1 835 1 4.6 1 53.1 1
15.7 4.2 3,210 3.8 10.5 2.3 218 401
78.5 21.2 19,500 23.4 84.2 18.3 1,100 20.7

2 AUC was calculated by the trapezoidal rule from 7 to 149 days (low- and mid-dose groups) and 7 to 114 days (high-dose group) using the mean cobt&ingedtioom three eyes per
time dose. As each time point was the mean of three eyes from individual animals, only a single estimate of the AUC for each dose was obtained.
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Fic. 1. Mean concentration of GEM132 in retina and total radioactivity in vitreous after a single intravitreal injection of GEM132 to rabbits.

TABLE 3
Percentage of dose (S.D.) in vitreous humor, retina, and remaining ocular tissue after a single intravitreal injection of GEM132

Dose ug/eye)

Days Postdose 37 157 785
Vitreous Humor Retina Remﬁ?siggeOcular Vitreous Humor Retina Remﬁ?sir;geOcular Vitreous Humor Retina Rema_li_ri1$irs1%eOcular
7 6.7 (2.5) 8.5(5.6) 53.9(5.2) 3.0(1.5) 4.6 (1.8) 48.3 (14.3) 5.0 (0.4) 5.8 (1.7) 51.5(1.9)
14 4.1(1.1) 12.2 (7.3) 47.5(1.2) 1.1(0.5) 5.7 (2.6) 43.3 (22.3) 1.6 (1.1) 8.7 (4.2) 45.8 (11.4)
28 0.62 5.6 (6.0) 41.1 (14.1) 0.61 (0.43) 11.9(1.8) 48.3 (4.1) 1.1(1.0) 9.2(1.7) 41.4 (8.0)
56 0.96 (0.33) 21.8(3.7) 38.9(6.2) 0.88 (0.60) 19.4 (10.2) 29.3(12.0) 1.3(0.8) 2 15.9 34.7 (2.1)
114/149 0.97 (0.22) 9.6 (4.9) 37.7 (4.2) 0.75 (0.06) 11.4 (4.2) 36.4 (3.7) 0.28 (0.04) 6.8 (1.6) 41.0 (1.9)
2Mean,n = 2. For all other values = 3.
b For the low- and mid-dose groups, the last time point was 149 days postdose. For the high-dose group, the last time point was 114 days postdose.
TABLE 4
Phosphor image analysis of radioactivity in the retina of rabbits after a single intravitreal injection of GEM132
Dose ug/eye)
Days Postdose 3.7 15.7 78.5
A B C A B C A B Cc
Percentage of total sample radioactivity in gel regidigsiean, S.D.)
7 ND ND ND ND ND ND 100 (0) 0 0
14 100 0 0 100 (0) 0 0 94.7 (4.7) 5°3 0
28 87.6 12.8 0 90.7 (2.1) 9.3(2.1) 0 86.1 (0.7) 13.9(0.7) 0
56 79.0 (10.6) 20.1(10.6) 0 69.4 (3.9) 19.8 (9.9) 10.8 (9.8) 71.6 (8.9) 15.5(3.8) 13.0(5.2)
114/149 51.1(1.5) 48.9 (1.5) 0 46.1 (2.6) 42.3(11.9) 11.6 (10.7) 45.1 (10.4) 35.1(2.8) 19.8 (7.6)

ND, not determined.
2 Region A, radioactivity with the same mobility as GEM132 and #-h-2 impurities/metabolites. Region B, radioactivity of impurities/metabolites of chain lergtB. Region C, radioactivity
of molecular species with higher molecular mass than GEM132. Values reflect the percentage of the radioactivity in the extracted samplesre@ghtiegion.

b —
Mean,n = 2.
¢ For the low- and mid-dose groups, the last time point was 149 days postdose. For the high-dose group, the last time point was 114 days postdose.

observed in the optic disk, including the wall of the merangiotistudies were, in fact, run in different groups of animals and with
retinal blood vessels, and the amount appeared to be larger at the irgfightly different dose levels, there were numerous remarkable con-
surface of the optic disk. Retinal degeneration, sufficient to obscusistencies in the patterns of responses in the eyes and the patterns of
the normal inner layering of the retina, was observed in most of thadiolabeled drug distribution.
high-dose animals. After intravitreal administration, GEM132 distributed rapidly out of
) ) the vitreous into the retina and remaining ocular tissue. Although
Discussion concentrations in the retina were greater than those in the remaining
This report is the first to describe the combined disposition profilecular tissue, the large difference in weight between these two tissue
and toxicity for a mixed backbone oligonucleotide after intravitreahasses (remaining ocular tissues/retin®0:1) most likely explains
administration. Although the disposition and toxicity arms of thes&hy the fraction of the dose present in the remaining ocular tissues is
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Fic. 2. Representative PAGE/phosphor image scans of radioactivity in rabbit retina after a single intravitreal injection of 14C GEM132 to rabbits.

Top, calibration standard; middle, high-dose, day 29; bottom, high-dose, day 114. Region A, radioactivity with the same mobility as GEM132+ane? n-1

impurities/metabolites. Region B, radioactivity of impurities/metabolites of chain lamgtt8. Region C, radioactivity of molecular species with higher molecular mass
than GEM132.

greater than that in the retina. The reasons for the apparent increatisttibution to ocular tissues and via outflowing aqueous humor. The
uptake (on a per gram of tissue basis) of GEM132 by retinal tissueslioactivity in the vitreous humor at time points beyond 14 days
compared with the remaining ocular tissue may reflect unequal destdose were below the sensitivity of the methodology, and therefore
tribution of GEM132-associated radioactivity within the remaininglata are not available regarding the profile of the radioactivity in this
ocular tissue. Autoradiography of frozen sagittal sections of rablaitular compartment.
eyes indicates that 5 days postdose, radioactivity in the remainingAfter administration of the lowest dose (3.g), retinal concentra-
ocular tissue was associated primarily with the iris/ciliary body (dateons of GEM132 at 7 days postdose reached a value equal to about 10
not shown). times the 1G, (1.2 uM, 8 ng/g, Fig. 1). Retinal concentrations of
The clearance of GEM132 from the vitreous humor followed apnatact GEM132 reached a maximal value 56 days postdoseu(4,1
parent first-order kinetics. The estimated half-life for GEM132 in th26.9.g/g) and persisted at levets10 times the IG, for months (Fig.
vitreous humor was about 48 h. This is similar to that reported fdj). The observation that retinal levels of metabolites increased with
other compounds of similar molecular weight (Sirossian et al., 199%me, approaching 50% of the total radioactivity in the retina, suggests
Leeds et al., 1997). Given the enhanced stability of MBOs (Agrawtiat clearance of GEM132 metabolites from the retina was slower
etal., 1997a; Chen et al., 2000), the data reported here suggest thatrtha their rate of formation.
clearance of GEM132 from the vitreous humor is primarily due to The single, bilateral administration of GEM132 at a dose level of 5
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Fic. 3. Microautoradiography of the ventral retina from rabbits 56 days after a single intravitreal injectiof ©fGEM132.

H&E. Bar, 30 um. A, low-dose animal. Slight radioactivity in most retinal layers; one radioactive mononuclear cell in the vitreous humor (arrowhead). B, mid-dose
animal. Radioactivity is more intense in outer nuclear layer (ONL), outer plexiform layer (OPL), and inner nuclear layer (INL) than in otheayetma&uperficial retinal
atrophy is noted (between arrowheads). C, high-dose animal. Superficial retinal atrophy is marked with disruption of inner nuclear layeN¢derthves$trong and patchy
distribution of the radioactivity in the outer nuclear layer (ONL) and more inner layers of the retina.

ngleye did not result in any adverse test article related effectseeks postdose. Due to the severely decreased ERG potential ob-
Although clinical ophthalmological evidence of retinal toxicity wasserved at 16 weeks in the high-dose group (Table 1), we chose to
seen in a few animals receiving 2y/eye, decreased potential byterminate this group at this time. The decreased ERG potential that
ERG suggests a higher incidence of functional retinal changes ppersisted for up to 20 weeks in the mid-dose group (Table 1) was the
sisting for up to 20 weeks postdose. At a dose of L@Peye, there reason we chose to terminate the mid- and low-dose groups at week
was clear evidence of retinal toxicity in the form of severely decreas2d.

ERG electrical potential and retinal degeneration observed during thé=igure 3 shows the distribution profile in the retina for
ophthalmology exams and microscopic pathology present for up to [l6CJGEM132 in each dose group evaluated 8 weeks after dosing. In
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the low-dose group, there was only slight radioactivity in most retinéctors, such as the presence of four contiguous guanosines (4G motif)
layers (GEM132 retinal concentration, 24g/g). Correspondingly, may also impact the tissue clearance of the compound (Agrawal et al.,
there was no significant pathology or functional toxicity evident in th&997b). The combination of the higher oligonucleotide concentration
eyes of animals from that low-dose group. In the mid-dose grouip, the retina and slower retinal elimination of GEM132 suggest that
radioactivity was more intense in both the inner and outer nuclelass frequent dosing with this MBO compared with the PS oligonu-
layers and the outer plexiform layer (GEM132 retinal concentratiogleotide might be required to achieve and maintain therapeutic con-

85 pg/g). In the toxicology study, slight to mild retinal degeneratiorgentrations above those associated with in vitro antiviral activity.

characterized by a partial disorganization at the outer and inner
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