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Fig. 5 Interacting peptides to Patched-1 (Ptchl) inhibited the inter~

action between Ptchl and sonic hedgehog (Shh). AsPCl cells were
incubated with the peptides, A, B, C, and G as indicated. Then the

Interacting peptides to Ptchl suppressed pancreatlc
tumor growth in vivo

We confirmed the anti-cancer effect of peptides in vivo using

AsPC1 cell xenografts. When: the transplanted tumors had
grown' sufficiently to be palpable, peptide A or C was

injected into the mice. The tumor size was measured every:

2 days-and the tumor volume was deduced from the mea-
sured data. The tumor volume was suppressed by peptide C
In comparison to peptide A (Fig. 6a, b). The tumors were
finally harvested and the Glil mRNA expression level was
examined by RT-PCR. The Glil expression level of the
tumor injected with peptide C was significantly reduced
compared with that in the tumor injected with peptide A
(Fig. 6¢c, d). To farther confirm the in vivo effect of the
Synythesized peptides, SUIT2 was transplanted into mice and
treated with peptide G or peptide A. Consistent with the
results for AsPC1 and peptide C, Glil expression was sig-
nificantly suppressed by peptide G in'the SUIT2 xenograft.

Wé‘i‘aavci:'shqwn that peptides designed to interact With Ptchl
protein suppressed the activity of the Hh signaling pathway

) Springer

‘Bars; 50pm '

cells were stained with Shh (upper panels). Lower panels show phase-
contrast images (Phase) ‘of pepndes A, B, C, and G (from left to
right). Bars 50 pm

in pdncredu(, cancer cells, and suppressed the prohfemtmn
of pancreatic cancer cells. The anti-cancer effect of the
peptides was further confirmed in vivo in a xenograft of the
pancreatic cancer cell lines, AsPCl and SUIT2. Finally,
the mRINA expression of Glil in the xenograft was found to
be reduced by the complementary peptides. L
Three interacting peptides, B, C, and G, showed the same
effect on both AsPCl and -SUIT2. However, peptide F
showed a suppressive effect only on SUIT2, and the effect
was reproducible. Recently, signal cross-talk between the
Hh signaling pathway and Ras or p53 has been reported

+[24-30]. Both AsPC1 and SUIT2 have the same mutated

amino acid sequence in Ras G12D [31]. However, they have
different mutations in p53, as AsPCl has a frame-shift
mutation (135 TGC-GC), and SUIT2 has a point mutation
(273 CGT-CAT) [31]. The different status of s‘ignalsf
involved in cross-talk with the Hh signaling pathway may
affect the response of pancreatic cancer cells to th,ei' nte;
acting peptides to Ptchl. PRETEN

Ptchl is a unique receptor of the Hh signaling pathway.

: - In the absence of ligand stimulation, Ptch1 suppresses Smo,
~ an activating element of the Hh signaling pathway [32-36].
¢ Our peptides were designed to interact with Ptchl. If the
- peptides interact with Ptchl to suppress Ptchl function,

Smo and the Hh signaling pathway may be suppressed. We



J Gastroenterol

A s,

400 ¢
350

—o—. Peplide A
8- peptide C

200 }
250
200}
150 b
100 +

50 R

Tumor volume {mm?d)

B

orainid

30 32 40

()
()

26 28 38

AsPC1

[
3

12
100
80
60
10
20

o
& 8

(% of control)
(% of control)

Relative mRNA level of Glil (3
Relative mRNA level of Glil &~ @

Fig. 6 Interacting peptides suppressed pancreatic tumor growth in
vivo. -AsPCl tumor volume was suppressed by peptide C in
comparison to peptide A (a). Arrows indicate implanted tumors (b).
Glil expression in the tumor injected with peptide C was significantly
decreased compared with that in the tumor injected with peptide A
(c). In SUIT2 tumors, peptide G similarly reduced Glil expression

aimed to suppress the activity of the Hh signaling pathway
to control the proliferation of the pancreatic cancer cells.
Thus, the target of the peptides was the short amino acid
sequence of Ptchl (KADYPNIQH). which was located in
the putative docking site -of the Hh ligand and Pichl
(Fig. 6¢) [37]. Furthermore, this Pichl sequence was pre-
viously selected for generdnng antibodies. As the site of
the sequence was determined to be hydrophilic, the protein
structure suggests it may not be folded inwards [37], and
may"cnable peptides to access Ptchl easily. k
Controlling the Hh signaling pathway may contribute
not only. to controlling the proliferation of cancer cells, but
also to" controlling other significant “events essential for
caicinogenesis. For example, inhibition of the Hh signaling
pathway has been shown to reduce the expression of the
transcription factor snail, allowing. the upregulation of
E-cadherin, resulting in the inhibition of epithelial-to-
mesenchymal tI'dJ’lSlIlOIl and the reduction of in vitro
invasive capacity [32]. Nagai et al. reported. that blockade
of the Hh pathway by cyclopamine inhibited pancreatic
.cancer cell invasion in -association with-the: decreased
expresslon of matfix metdlloprotemdse-9 [i‘?] These
findings indicate that suppression of the Hh signaling

42
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(d). Results are expressed as means & SD. *P < 0.05. e Schema of
the interacting peptide and Pichl. The site of the interacting: peptide
corresponds to the target amino acid sequence of Ptchl. The schema
indicates the putative mechanism, i. e., that the peptide interferes with
the interaction between Ptchl and the ligand of the Hh signaling
pathway. N amino terminus, C carboxy terminus

pathway may be a putatxve therapeutic method to suppress
both tumor growth and tumor invasion.

The Hh sxgndhng pathway was first reported to be reac-
tivated in an autocrine signaling manner, although it origi-
nally functioned as a paracrine signal. Recently, several
studies have added new knowledge of the paracrine net-
works of the Hh signaling pathway in cancer tissue. Olsen
et al. reported that Hh-interacting protein was highly
expressed in‘endothelial cells but was downregulated during
angxogenesrs and in several human tumors [38]. Guimaraes
et al. [39] reported that Shh increased the mRNA levels of
vascular endothelial growth factor, stromal cell-derived
factor=1, and angiopoietin-1. Nakamura et al. {40] reported
that pancreatic cancer cell-derived Shh induced angiotensin—
1 and insulin-like growth factor-1 producuon in bone mar-
row-derived pro-angiogenic cells, resulting: in their
enhanced migration and capillary morphogenetic activity.

It is p0381ble that the Hh signaling pathway is reacti-
vated 1n pancredm, cancer and controls several kmds of
cells in cancer tissue for cancer development, just as it is
originally activated and controls several kinds of cells in
fetal tissue [41] The studies cited here highlight the sig-
nificance. of controlling the Hh signaling pathway in the

@ Springer.
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treatment of pancreatic cancer. Further research may
improve the effects of peptides on pancreatic tumors and
determine the safety of putative drags.
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Antibodies to C5a have proven to be effective in treating experimental septic
primate models™”. A 17 amino acid peptide (ASGAPAPGPAGPLRPMF)V ﬁal;le;l -
PepA binds to C5a and prevents complement-mediated lethal shock in rats®.
AcPepA harboring an acetyl group at the N-terminai ailanine showed increéséii‘
inhibitory activity against CSa’. Cynomolgus monkeys destined to expire from a.
lethal dose of bacterial endotoxin (4mg/kg) were rescued by intravenous
administration of AcPepA. AcPepA could have interfered with the ability of C5a to
stimulate C5L.2>° which is responsiblé fbf HMGBI reiéasé émd Sfiﬁlulation of
TLR4™ as an endoggneous ligand with LPS behavior. The suppression of HMGB1
release by AcPepA édmiﬁistratioﬁ to LPS-shéck xﬁ;nke&s is likeiy r;sponsible for

rescuing the animals.

| Sepsis is a systemic mﬂamma;qry rgqunse syndrome (SIRS) ﬂlat c’aus‘es‘
disseminated intravascular coagulation (DIC)’EX‘I‘ld mulﬂple organ failure (MOF)
Antibodies to C5a have proven to be effective in treating experimental septic primate
models™. We generated an inhibitory peptide of C5a composed of an amino acid
sequence ASGAPAPGPAGPLRPMF named PepA®. Acetylation at the N-terminal

alanine of PepA improved the C5a inhibitory capacity and was named AcPepA*.
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Under anesthesia with sodium pentobarbital, 10 cynomolgus monkeys (weighing
about 5 kg) were intravenously administered 4 mg/kg LPS within 30 min. Three
monkeys for the control group were infused with 15 ml saline during 3 hrs after the LPS
injgction. ‘Seven experimental group monkeys were infused intravenously with 15 ml of
2 mg/ml AcPepA starting at 30 min after LPS injection for 3 hrs (2 mg/kg/hr for 3 hrs).
Six hrs after I.PS administration, anesthesia was terminated when the blood samples
showed leukocytosis and increased CPK in all monkeys. Monkeys were observed for
their status. All of the 7 AcPepA treated monkeys returned to a healthy condition by the

following day, while the 3 control monkeys died within two days.

Despite the increased TNFo: and other cytokine levels, high mobility group box 1
(HMGB1)*® which is an endogenous stimulator of TLR4™ did not increase in the

AcPepA infused animals (Fig. 1).

Furthermore, AcPepA could suppress pathophysiological events and prolonged
survival time of sepsis piglets induced by cecal ligation and perforation (CLP)"™.
Survival times were longer in the AcPepA treated group than in the CLP ‘alon‘e group
(19.3hrs + 2.7hrs vs. 9.9 hrs + 0.7 hrs, P<0.005). In this case, AcPepA also delayed the

HMGB-1 surge.

These above results indicate that suppression of C5 anaphylatoxin interferes with
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the induction of a cytokine storm. Since C5a has the capacity to cause release of
HMGB1 following stimulation of the second C5a receptor termed C5L2 generated on
activated monocytes™", inhibition of C5a successfully interferes with the above release
which has the capacity to generate inflammatory cytokines stimulating TLR4 as an
endogenous ligand (Fig. 2).

Recently, thrombomodulin '(TM) administration has been:shown to rescue septic
shock animals™. The enhanced activity of thrombin when complexed with TM should
have caused activation of thrombin activatable fibrinolysis inhibitor (TAFI) which then
inactivates C5a anaphylatoxin by removing the C-terminal arginine' resulting in
suppressidn of{‘HMGBl release. Therefore, the therapeutic effect of TM on sepsis
should also be due to inactivation of C5a anaphylatoxin which initiates a cytokine

storm through HMGB1 release.

This work was supported in part by a Research Grant from the Japariese Ministry of

Health, Welfare and Labor (08062893).
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Figure 1. Increase in HMGB1 in plasma of LPS- injected monkeys.

Six cynomolgus monkeys intravenously infused with a lethal dose of bacterial LPS
(4mg/kg) destined to death were treated with intravenous administration of 2 mg/kg/h of
AcPepA for 3h starting 30 min after the lethal LPS injection (#5 and #8).. Control
monkeys (#1 and #10) were infused only saline in stead of AcPepA following LPS
injection. Despite the increased TNFa. and other cytokine levels, high mobility group
box 1 (HMGB1) which is an endogenous stimulator of TLR4’ did not increase in the

AcPepA infused animals (#5 and #8).
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|Activation

Inflammatory response

Figure 2. Possible role for C5a in a positive feedback inflammatory circuit.

Following bacterial infection, LPS stimulates TLR4, and C5a generated during

complement activation stimulates C5aR resulting in expression of C5L2 on leukocyte

membranes. Stimulation of C5L2 by C5a on activated leukocytes induces release of

HMGB1 which then reacts with TLR-4 on other leukocytes, as did LPS, resulting in

further recruitment of activated leukocytes that express C5L2. These reactions create an

inflammatory amplification circuit.
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Dommant Mutatlons in RPTL1T
Are Responsible for Occult Macular Dystrophy

Masakazu Akahori,! Kazushige Tsunoda,! Yozo Mlyake 1.2 Yoko Fukuda,3 leoyukx Ishmra 3 Shop Tsuji,3
Tomoaki Usui,* Tetsuhisa Hatase,* Makoto Nakamura,®> Hisao Ohde, Takesh1 Itabashi,! Haru Okamoto,!
Yuichiro Takada,! and Takeshi Iwatal”*

Occult macular dystrophy (OMD) is an inherited macular dYstrophy characterized by progressive loss of macular function but normal
ophthalmoscopic appearance. Typical OMD is characterized by a central cone dysfunction leading to a loss of vmon despite normal
ophthalmoscopic appearance, normal fluorescein angiography, and normal full-field electroretinogram (ERGs), but the amplitudes of
the focal macular ERGs and multifocal ERGs are significantly reduced at the central retina. Linkage analysis of two OMD families was
performed by the SNP High Throughput Linkage analysis system (SNP HiTLink), localizing the disease locus to chromosome
8p22-p23. Among the 128 genes in the linkage region, 22 genes were expressed in the retina, and four candidate genes were selected.
No mutations were found in the first three candidate genes, methionine sulfoxide reductase A (MSRA), GATA binding 4 (GATA4), and
pericentriolar material 1 (PCM1). However, amino acid substitution of p.Arg4STip in retinitis pigmentosa 1-like 1 (RPILI) was found
-in three OMD families and p.Trp960Arg in a remaining OMD famxly These two mutations were detected in all affected individuals
but in none of the 876 controls. Immunohistochemistry of RP1L1 in the retina section of cynomolgus monkey revealed expression
in the rod and cone photoreceptor, supporting a role of RP1L1 in the photoreceptors that, when distupted by mutation, leads to
OMD. Identification of RPILI mutations as causative for OMD has potentially broader 1mphcat10ns for understandmg the d:fferentlal
cone photoreceptor functions in the fovea and the peripheral retina.

Occult macular dystrophy (OMD) is an autosomal-domi-
nant form of inherited macular dystrophy characterized

by progressive decrease of visual acuity due to macular

dysfunction, which was first reported by YM. et al. in
1989.13 The disorder was called “occult” because of the
fact that the macular dysfunction of this disease is hidden
by a normal fundus appearance. Typical OMD, as described

by Y.M. et al,, is characterized by central conie dysfunction

and in some cases rod dysfunction, leading to a loss of
vision despite normal  ophthalmoscopic appearance,
normal fluorescein angiography, and normal full-field
electroretinograms (ERGs). However, the amplitudes of
the focal macular ERGs and multifocal ERGs are signifi-
cantly reduced,  indicating dysfunction of the central
retina."»* OMD is known for its broad range of age at
disease onset, from 6 to 81 yrs. Brockhurst et al. have re-
ported age at onset of four out of eight OMD patients at
over 65 yrs® and similar findings have also been observed
in earlier cases.’” The patient III-3 in family 1 did not
notice any visual disturbance in her right eye even at the
age of 81 yrs.

" The four families shown in Figure 1 demonstrate domx-
nant inheritance of the OMD phenotype. None of the

patients had ocular diseases other than OMD, except senile

ERGs. For this study, the ethics review committees of the
National Hospital Organization Tokyo Medical ‘Center,
the Niigata University ‘Graduate School of Medical and
Dental Sciences, and the Nagoya Umversxty Medical
School approved the study, and written informed consent
was obtained from both affected and unaffected subjects.

Linkage analysis of OMD families 1 and 2 was per-

“formed. Eighteen individuals from family 1-and eleven

individuals from family 2 were genOtYped by Affymetrix’s
Genome-Wide Human SNP array 6.0 in accordance with
the manufacturer’s instructions (Affymetrix, Santa Clara,
CA). DNA samples from family 2 were sub;ected to
whole-genome amphﬁcatlon with the use of REPLI—g
(QIAGEN, Tokyo, Japan) prior to SNP genotypmg ‘With
SNP HiTLink® used as a plpelme SNPs with a Hardy-Wem—
berg p value > f 0. 001, a call rate of 1, and a maximum
confidence score > 0. 02 were used for the analysxs 'SNPs
with the minor allele ftequency of 0 in controls were elim-
inated from the analysxs Parametric multlpomt hnkage
analysis. (autosomal- dominant model with a settmg of
liability classes, age-dependent penetrance of 0.19, 0.55,
and 0.91 for 0-20, 2,1—40 and > 41 yrs old, respectxvely,
and disease frequency of 0. 000001) was performed with
Allegro version 2,” mtermarker dxstance from 80 kb to

cataract or diabetic retinopathy. Control family members
were confirmed to be normal via a complete ophthalmic
examination including focal macularfERGs or mutltifocal

120 kb with the use of SNP H1TL1nk Because of the hrmta-

_tion of computahonal capac1ty, famlly 1 was d1v1ded into

two branches (branch 1 1: descendants of II 1 branch

National Institute of Sensory Organs, National Hospxtai Orgamzanon Tokyo Medical Center, 2-5-1 ngashlgaoka Meguro-ku, Tokyo 152-8902 Japan;
2Aichi Medical University, 21 Yazakokarimata, Nagakute-cho, Aichi-gun, - Aichi-ken, 489-1195 Japan; Departmem. of Neurology, Graduate School
of Medicine, the University of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo, 113-8655 Japan; *Division of Ophthalmology and Visual Science, Graduate School
of Medical and Dental Sciences, Niigata University, Niigata, 757, Ichibancho, Asahimachidorj, Niigata, 951-8510 Japan; 5Nakamma Eye CImIC, 107-10,
Kisei-cho, Nishi-ku, Nagoya, 452-0816 Japan; SDepartment of Ophthalmology, School of Medicine, KEIO Umverslty, 35 Shmanomacm Shm}uku—ku Tokyo
160-8582, Japan
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A 1. Famiy1

Figure 1. Autosomal OMD Families and:
- DNA Sequencing of RP1L1

(A) The four families shown demonstrate

-+ dominant inheritance of the OMD pheno-

:a%ibﬁ

type. In all presented families, none of the'
patients had ocular diseases other than,
OMD, except senile cataract and diabetic’

' Family 2 | Family 3 Family 4
12 12 am
* ' 1‘ 234 sgsf)r a ‘ 1§[(: o
'KEEEéf;ééeéﬁé~
B Resw

6 D P RWF A 6. 6 b P
AGGGGATCCAEGGTTTGCTGG e

. O Unaffected
B - | V‘suon abnermahty

® Affected (ERG tested )
@ Obiigate gene carsier. - -
*. . n" Sample collected . .

. D P R _F A &
ALGGGGATCCACGGTTTGCTGG'

retinopathy. Control family members
‘were confirmed to be normal via a
complete ophthalmic examination . in-
cluding focal macular ERGs or multifocal
ERGs.
. (B) DNA sequencing of both p.Arg45Trp
“and p.Tip960A1g mutations found in four
independent families.

 ac.3107T>C (p.Trp960ATg) mutation
in family 3 (Table 2). Additionally,

.known and unknown natural vari-
ants were found in RP1L1 as shown
in Table S2. Unknown SNPs were
submitted to the dbSNP database.

affected

 WOBOR - ST e R
B R VAR - SWRR LoD N ey R £
GGTCCGCGAA.GGCTGGACAA ‘

unaffected

GBTCCGCGAATGGCTGGACAA

In these four families, all of the.
affected individuals carried one of

"~ the two mutations identified in this
“study, ¢.362C>T or ¢.3107T>C. We

WL D N identified three apparently unaf-

~fected individuals camying the
p-Arg45Trp mutation, which suggest
a reduced penetrance of the mutation
or possibility a later onset of the

affocted

1-2: descendants of II-7) for multipomt lmkage analy31s
Haplotypes were reconstructed by Allegro.

The parametnc linkage study of family 1 using SNP
rmcroarrays and SNP HlTLmk mapped the disease locus
to._ an apptox:mately 10 Mb reglon ‘of chromosome
8p22-p23 with a maximum LOD score of 3.77 (Flgure 2).
‘Parametric lmkage analysns of affected ‘individuals only

ptoduced szmﬂar results (Fxgure 3 and Figure S2 available

onlme) A common haplotype between‘ 15365309 ‘and
1'52632841 was shared by all of the affected individuals
‘(I‘able 1. Wlth the addmonal lmkage study of famﬂy 2,
‘the cumulatlve parametnc multlpomt LOD score Tose to
; over 4 (Fxgure Sl) A total ‘of 128 known ‘genes were found
within the approxnnately 10 Mb lmkage-assocxated region,
,‘contal ing 22 retma—expressed genes as candidates- for
_ mutationai analyses No mutations were ‘found in the first
three candidate genes, ‘methionine ‘sulfoxide reductase
A (MSRA), GATA binding 4 (GATA4), and pericentriolar

“ material -1 (PCM1). However, a ¢.362C>T (p.Arg45Tip)
‘substltutlon in retinitis pigmentosa 1-like 1 (RPILI [MIM
.608581]). was found m all affected individuals in family
1. We further extended the mutational analysis of RPIL1

to three other families with autosomal OMD, and we iden-
tified the p.Arg45Trp alteration in families 2 and 4 and

" unaffected

disease for these individuals. Both
mutations were absent in 1752 Japa-
nese control chromosomes.
“Immunohistochemistry of RP1L1 in the macula section
‘of primate Cynomolgus monkeys (Macaca fascicularis)
was performed. The eyes from a 6-yr-old normal male
‘cynomolgus monkey were obtained from Tsukuba Primate
“Research Center; National Institute of Biomedical Innova-
tion; Japan. All experimental procedures were approved by
the Animal Welfare and Animal Care Committee of the
National Institute of Biomedical Innovation, in compli-
“ance with guidelines of the Association for Research in

“'Vision ‘and - Ophthalmology. Cynomolgus eyes were

removed and immediately fixed overnight with 4% para-
formaldehyde in 0.1 M phosphate buffer, pH 7.4. After

" washing in PBS, eyes were cryoprotected in the gradient

sucrose - dissolved in' PBS and embedded into- eptimal
cutting temperature (OCT) compound (Tissue Tek, Miles,
“IL,» USA). Frozen retinal sections cut at 8 pm thickness

-~ with ‘cryostat were incubated at 4°C with a 1:500 dilution

of human RP1L1 polyclonal antibody raised against the
N terminus of human RP1L1 (Santa Cruz Biotechnology,
Santa Cruz, CA USA). Immunofluorescence was visualized
with Alexa 568 goat anti-rabbit IgG (Invitrogen, Carlsbad,
CA, USA), Alexa 488 PNA (Invitrogen) for detection of cone
photoreceptor, and DAPI (Invitrogen) for nuclear staining.
Fluorescence images were analyzed with a confocal laser
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Figure 2. Linkage Analysis and Haplo-
type Analysis of Family 1

(A) Parametric multipoint linkage analysis
of family 1. Horizontal axis indicates
cumulative position (cM) from the short
arm of chromosome 1. As a result of com-
putational capacity, family 1 was divided
into two branches for calculation of LOD
scores. No other chromosomes except
chromosome 8 yielded a positive LOD
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score.
(B) Parametric multipoint linkage analysis
of family 1 and mutations in RPILI.
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microscope (Radiance 2000, ' Bio-Rad Laboratories,
Hercules, CA, USA).

To our surprise, the immunohistochemistry of RP1L1
in the macula section of Cynomolgus monkeys revealed
expression in retinal rod and cone phqtdr‘ec‘ept‘o’rsk by
human RP1L1 antibody (Figure 3). This expression pattern
is significantly different from the previous study of mouse
RP1L1, in which RP1L1 was localized exclusively in
axoneme of rods.? Furthermore, the human amino acid
sequence is only 39% identical to that of the mouse, due
to a lack of both polymorphic 16 amino acid repeats or
a lack of the highly repetitive Glu-rich region, making
mouse RP1L1 protein considerably shorter than the human
protein, which may lead to different functional roles in the
primate retina. Recent investigation of photorgceptor struc-
ture in OMD patients using advanced optical coherence
tomography suggests that the predominant defectinvolves
the cone photoreceptor.””'® Our optical coherence tomog-
raphy observations also show loss of the cone outer
segment tip and irregularity of the inner segment/outer
segment junction in the center of the macula‘of all exam-
ined case individuals in family .1 (data not shown). Y.M.
et-al. have observed that not only cone but also-rod sensi-
tivity in the macula was abnormal in some of the older

3000 A maximum LOD score of 3.77 was ob-
(M) tained at 8p32.1-8p22. A haplotype
bounded by 1s365309 (physical position:
© 9,064,350 in the hgl8 assembly of the
UCSC Genome Browser) and 1s2632841
(18,716,063) was shared by all affected
individuals. Horizontal axis.indicates the
position (cM) on the short arm of chromo-
some 8. Vertical axis indicates the para-
metric multipoint LOD- score. Mutations
(p.A1g45Trp and p.Trp960A1g) are demon-
strated.

2500

patients.’? It is likely that the initial
event may be macular cone specific
but may later extend to rod abnor-
mality. Further investigation of RP1L1
function is required in order to answer

these clinical observations.
RP1L1 was originally cloned as a
gene derived from common ancestor
as retinitis pigmentosa 1 (RPI [MIM
180100]) on the same chromosome
~ 8.1112 RPIL1 shares 35% amino acid
identity with RP1, a gene responsible for 5%-10% of auto-
somal-dominant retinitis pigmentosa (RP [MIM 268000])
worldwide.®*® When RP1L1 was first identified, a number
of attempts were made to identify mutations in RPIL1 in
various RP patients, with no success. The present study
demonstrates that RPILI mutation is responsible for
OMD, but not for RP. Patients with RP carrying the most
common RP1 alteration, p.Arg677X, exhibit night and

peripheral vision disturbance beginning in the third

decade of life. RP1 is found exclusively in the retina and
is Iécalized to both rods and cones. Rod-cone functional
comparison in RP patients has indicated that rod sensi-
tivity loss is at least 2 log units greater than cone sensitivity

'lc‘as‘s.l'3 Thus phenotypic characteristics of RP caused by RP1
fm’u‘tati‘ons and those of OMD caused by RPIL1 muta‘ti‘o\n‘s
-perfectly agree with the different localizations of RP1 and
RP1L1'in retina.

" The outer segments of rod and cone photoreceptors are
highly specialized cilia containing hundreds of disc
membranes stacked in an orderly array along the photore-
ceptor axoneme. Previous studies have shown that RP1 is

..part of the axoneme and is required for this correct orien-
- tation and higher-order stacking of outer segment discs.'®

This is achieved by the interaction of RP1 with the

426 The American Journal of Human:Genetics 87, 424-429, September. 10, 2010



Figure 3. Immunohistochemistry of RP1L1 in the Cynomolgus
Monkey Retina

Localization of RP1L1 in the rod and cone photoreceptors in the
Cynomolgus monkey (Macaca fuscicularis). Retina labeled with
antichuman RP1L1 (red, top); same section labeled with retinal
‘cone specific marker, peanut agglutinin lectin (PNA, . green,
middle); merged image (bottom). Yellow signal present-in cone
photoreceptor resulted from combination of the red signal of
RPIL1 and the green signal of PNA. Cell nuclei were stained
with DAPI (blue). PL, photoreceptor layer; ONL, outer nuclear
layer; OPL, outer plexiform layer; INL, inner nuclear layer; IPL,
inner plexiform layer; GCL, ganglion cell layer, Scale bars repre-
sent 20 pm. )

microtubule in the connecting cilia.}” RP1 contains micro-
tubule-binding domains (amino acids 28-228) of neuronal
microtubule-associated protein  (MAP) doublecortin
'(DCX), which is required to maintain axoneme length

and stability.’® The RP1L1 p.ArgdSTrp alteration resides
in one of the two. DCX domains (amino acids 33-113
and 147-228), which is required for interaction with RP1
to assemble and stabilize axonemal microtubules.® In
primates, both RP1L1 and RP1 proteins may cooperatlvely

- function in the rod and cone photoreceptors to perform

this task. The mutatlon in RPIL1 is likely to dominantly

_affect the cooperative function with RP1 in rod and cone
~ photoreceptors, given that in a previous publication, the
* RP1L1 heterozygous knockout mice were teported to be
normal whereas homozygous knockout mice were 1e- ..

ported to develop subtle retinal degeneration. Our findings
in OMD may shed light for further mvestxgatxon of
patients with cone dystrophy.

In conclusion, we identified RPI1L1 mutatlons that cause
autosomal-dominant OMD, and furthermore, our findings
revealed that RPILI plays essential roles. in the cone

functions in human and that dxsruptlon of RP1L1 function
:leads to OMD

Supplemental Data

Supplemental Data’include -three figures and one table can be
found with this article online at http://www.cell.com/AJHG/.
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Table 1.

Disease-Linked Haplotypes in Families T and 2

" Family 2

 Family 1
ii?ran‘d‘l 11 7 ‘Branch1-2

Probe Set ID dbSNP rs ID Position iH-8 ‘IV-9 v-13 iv-18 iv-21 -2 ii-2
SNP_A-8338925 15365309 9,064,350 (A) (A) A A B A A
SNP_A-8281994 151530483 9,065,671 B B B B B B B
SNP_A-8360926 1510086673 10,342,727 B B (B) B B (A) A
SNP_A-2082488 159329223 10,369,164 A A A A A (B) B
SNP_A-2013182 ‘156601491 10,453,427 B B B B B Y (A) A
RPIL1 p.Arg4STip | c133C>T 10,517,989 T T T T T T T
SNP_A-8345504 1510097570 10,586,268 A A A A (A) (B) B
SNP_A-1790165 1510111051 10,590,882 A A A A A (B) B
SNP_A-8587750 152163379 10,769,460 A A A (A) A - (B) B
SNP_A-8500791 157460507 11,006,485 B B B B B A A
SNP_A-8525908 159772321 12,536,010 A A A A A A A
SNP_A-8283296 151021087 13,500,502 A (A) (A) A A B B
SNP_A-8441723 156987209 14,501,302 B B B - B B B B
SNP_A-2044287 157818067 15,580,087 A A A A A A
SNP_A-4273924 156992112 16,689,526 A A A A (A)
SNP_A-8447659 15471041 17,707,836 B B B B B
SNP_A-8399664 152638658 B 18,713,620 A (A) A) A A (B) B
SNP_A-4233785 152632841 k 18,716,063 B B ®) B A B B

Disease-linked haplotypes of the two patients (iV-9 and 11}-8) who are descendants from H-1 (branch 1-1 of family 1), the three patients (IV-13, IV-18, and IV-21)
who are descendants from {I-7 (branch 1-2 of family 1), and the two patients (Il-2 and 11i-2) from family 2 are shown. Haplotypes are unequivocally determined,
except those with brackets that are inferred to minimize the number of recombination events. Disease-linked haplotypes of the two branches of family 1 are the
same, confirming that all affected individuals in family 1 share the same haplotype. Recornbination events in the family was observed at 5365309 (telomeric
boundary) and at rs2632841 (centromereic boundary). When disease haplotypes are compared between families 1 and 2, who share the p.Arg45Trp mutation
in RP7L1 in common, disease-linked haplotypes ﬂankmg the RPIL1 locus are du‘ferem. between these families; suggesting that the p. Arg45Trp mutation ongma(ed

independently.
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Table 2. Summary of RP1L1 Mutations in Families with OMD

' Agé'at Onset in

" Best Corrected Visual

D in Pédiétée Clinical Stage Sex . - . Age at Dlagnosts Estimation Mutatlon Acuity (Right / Left)
113 affected R 81 . - 50 . €362C>T . 12/01
114 affected Foon 25 c362C>T 04705
15 affected M 74 30 . ©362C>T . 02/03
1ms affected M 82 20 _c362C>T  02/02
11v1 unaffected F 60 - . €362C>T ,:W\l.Z/ 1.2
11v9 affected Fu 49 unknown’ oooe362C>T . 12/120 0
11viz- affected F 69 50 . c362C>T . 01/007
113, affected - M 70 T200 . e36205T 0 or/o1”
11V14 affected M 66 30 . €362C>T . 0.2/03
11vi8 affected . F. 58 12 c362C>T . 01/01
11v21 affected - E 58 47 c362C>T . 01/04

1V2 affected - M 20 13 €362C>T 03/0.3

1V3 affected E 19 6 . €362C>T . 02/0.15
2112 affected M 69 unknown . €362C>T 02/02

2114 unaffected M 58 . - €362C>T 10/10

215 unaffected M §5 - . €362C>T ~10/10

218 affected - M 52 unknown .€362C>T 02/03
2101 - affected . M 23, ‘23 ©362C>T . 02/03
21012 affected - M 20. 20 €362C>T 03/03
3L . affected . . F . 20 12 | ©3107T>C02/02
;‘:3113‘ . affected . M 19 13 €3107T>C + 10.2/0.3 700
43 affected F 52 30 c362C>T - 0157015 -

"Surnrnary of individuals from atitosornal OMD families 1-4, in whom P Arg45Trp or p. Trp960Arg mutatlons of RP1L1 were found. Three unaffected mdtv:duals at

the age of 55-60 were found with the mutation. These individuals suggest a reduced penetrance of the mutation or a possible onset at a later age
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- tosa 1 (RP1) gene, Mol. Vis.. 9, 129-137.

13.
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