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Candida Geometric mean MIC (range) (ug/ml)obtained by:
Species No
MCFG FLCZ AMPH-B
C. albicans 17 0. 07(0. 03-0. 5) 1. 21 (0. 125-16) 0.63(0.25-1)
C. guilliermondii 8 0. 44 (0. 25-0. 5) 13.5(4-32) 0.56(0.5-1)
C. parapsilosis 9 0. 37(0.06-1) 1.39(0. 5-2) 0. 67(0. 25-1)
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Topical antihistamines are probably the best treatment option for various ocular allergies, thanks to their
rapid action, safety and convenience of use. As the oral antihistamines are known to produce drowsiness,
the present study was conducted to assess the possible influence of two antihistamine eye-drops, 0.05%
ketotifen (Zaditen®) and 0.1% olopatadine (Patanol®), on the central nervous system (CNS) by
measuring brain histamine H1 receptor occupancy (H;RO) using positron emission tomography. Eight
healthy adult subjects are recruited and a PET scan was performed 1.5 hr after 4 repeated local instillation
of eye-drops (2 drops per eye, 30 min-interval) in a single-blind, placebo-controlled, crossover manner.
H;RO were calculated in several H;R-rich cortical regions. We found that the H;RO following ketotifen
treatment is more than 20% and that following olopatadine was nearly zero. Our results provides the
evidence for the first time that the first-generation antihistamine eye-drop, ketotifen, may potentially
induce central sedation with higher doses, while olopatadine has no CNS influence, though the central
side-effects have been rarely documented in the case of topical medications.

Key Words

olopatadine; Ketotifen; histamine H; receptor occupancy; positron emission tomography (PET); crossover

study.
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Allergic conjunctivitis is a frequent condition as it is estimated to affect 20% of the population on an

T

annual basis, with individuals in Italy, Japan, and other warm climates being more likely to have these
conditions. Topical ophthalmic anti-allergy agent, antihistamine is now the first-line treatment option
thanks to their rapid action, safety and convenience of use. However, recently years, with the
improvement of the safety conscience regarding the drugs, sedation side-effect of Topical administration
of antihistamine eye- or nasal- drops began to raise our attention. Topical administration of antihistamine
induces subjective drowsiness in some users though objective evidence is still not available.

Oral or intravenous antihistamines were known to induce sedation, by blocking brain histaminergic

system trough H1 receptors or other non-specific bindings. The sedative degree depends on the ability of
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antihistamine in the circulation to penetrate blood-brain-barrier (BBB) and entered into the brain. In
recent decade, researchers began to evaluate the sedative property of antihistamines using a more
objective method, positron emission tomography (PET), by measuring brain H;RO. The more drug enters
brain, the more H; receptors should be occupied and thus induce sedation. H;RO has been approved to as
an index to reflect the sedation with the advantages of objectivity and quantify over the traditional method
such as questionnaires or performance tasks. We therefore speculate that whether the sedation side effect
of eye-drop also related with their occupying H;RO in the brain. However, up to date, no study has been
conducted regarding the central receptor occupying degree following topical administration of histamine
eye-drops.

We designed a randomized, single-blind, placebo-controlled, crossover study and measured the brain
histamine H;RO following the local instillation of two commercially marked antihistamine eye-drops,
ketotifen and olopatadine using PET and 'C-doxepin. We aimed to compare and assess the possible
sedative outcome of topical eye-drops in a point of view of molecular imaging, and to provide the doctors

and patients information that might be useful in their guiding using or receiving such medications.

XHR L Hk

Seven healthy Japanese volunteers (male, mean age + SD: 23.1 + 1.6 years) without history of allergy
or any psychiatric diseases or of long-term taking H; antagonists, participated in this study. They showed
no abnormality in brain magnetic resonance images (MRI). Drugs that might affect histamine response
(such as sleep-aids, antidepressants or mast-cell stabilizers) were not allowed at least for 1 week prior to
the study. Caffeine, tea, alcohol or grape juice was not allowed on the experiment day. This study was
approved by the Ethics Committee on Clinical Investigation at Tohoku University School of Medicine
and was performed in accordance with the policy of the Declaration of Helsinki. Informed consent was
obtained from all the participants.

Each subject was randomly assigned to the treatment of 0.05% ketotifen (Zaditen® eye-drop, Novartis
Pharma Corporation, Tokyo, Japan), 0.1% olopatadine (Patanol® eye-drop, Alcon, Inc, Tokyo, Japan) or a
placebo (0.5% tranilast, Rizaben®, a mast-cell stabilizer, Kisei Pharma, Matsumoto, Japan) in a
single-blind, crossover manner. The minimum washout period is 7 days. On the experiment day, the
antihistamine-containing eye-drops or placebo, were instilled into both eyes of the subject (2 drops each
eye with 5 min-intervals between each drop). Then the subject was asked to keep quiet in a supine
position until the drug was adequately absorbed. Such instillation process would be repeated for 4 times
with a 30 min break inserted (eg, around 07, 30", 60°. 90" after the first ocular instillation). During the
break time, light music or walking in the room was permitted but reading or strenuous exercise was not.
The label of the eye-drop was removed during the experiment to keep the subject blind to it. All the
eye-drops were obtained commercially. After the fourth ocular instillation, subject was showed into the

PET room and *C-doxepin-containing saline was injected intravenously. PET scan commenced about 70
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min later with a SET2400W PET scanner (Shimadzu Co., Kyoto, Japan) according to our previous
established static PET protocol. This protocol included a 15-min-long three-dimensional mode emission
scan (70-85 min post 'C-doxepin-injection) and a 6-min-long transmission scan thereafter.

In this study, one subject missed ketotifen-PET examination for irresistible personal reasons; two PET
data (following ketotifen and placebo treatment, respectively) of another two subjects was eluted because
of the low specific radioactivities of "*C-doxepin below 20 GBg/umol at the time of injection. Thus the
sample sizes reduced to 5 for ketotifen and 6 for placebo, respectively, in our PET analysis.

Just prior to each time of ocular instillation (at 0", 307, 60°. 90" after instillation), subjective sedation
was assessed by Line Analogue Rating Scale (LARS) and Stanford Sleepiness Scale (SSS). The LARS
measurement assesses the sedation using a line scaled from 0, no sedation to 100, most marked sedation;
SSS is composed of a 7 level self-report measure from feeling fully alert, level 1 to sleep onset soon, level
7. Subjects were asked to mark their present feelings on the line, and also select a statement to reflect

their current level of alertness and sleepiness.

(\n% :

1. Brain distribution of *C-doxepin

Olopatadine Letotifen MRI-T1

After 'C-doxepin injection, the
radioligand was found apparently
accumulated in H;R-rich cortical
regions, such as ACG and PCG, PFC,
IC, LTC and MTC, PC, and OC. In
the subjects treated with olopatadine
or placebo, the *C-doxepin
distribution patterns and intensity

were similar. However, in the subject

treated with ketotifen, radioactivity

distribution appeared much lower than that in olopatadine or placebo (Figure). **C-doxepin, an
H,-antagonist, is known to compete with antihistamines for H;R binding cites in the brain, which reflects
inverse-proportionally the amount of antihistamines in the brain. Ketotifen-treated subjects appeared
much lower specific binding of **C-doxepin compared with placebo- or olopatadine-treated subjects,

suggesting that more ketotifen have entered into the brain instead.

2. Comparison of parametric of BPR images (Ketotifen vs. Olopatadine)
The parametric brain BPR images following treatment with ketotifen or olopatadine, were compared
statistically on a voxel-by-voxel basis with those following treatment with the placebo using SPM5. In the

ketotifen-treated subjects, ACG, PFC, PC, TC demonstrated significantly lower BPRs than those of the
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placebo-treated subjects. Table 1 shows the detail coordinate information of these regions. In contrast,
SPMS5 analysis could not detect any area with significant lower BPR in the olopatadine-treated subjects
than in the placebo-treated subjects.
3. ROI-based comparison of BPR and H;RO

BPR in the different ROIs revealed significantly lower values in the case of ketotifen than in the case
of olopatadine or the placebo in almost all the cortical regions studied except IFC and MTC (P < 0.01).
No significant difference between olopatadine and the placebo was detected. H;RO following ketotifen or
olopatadine treatment was calculated considering the H;RO after placebo treatment as baseline (0%).
H;ROs following ketotifen treatment were significantly higher than those following olopatadine treatment
in all cortical regions studied. The mean H;RO across all the cortical regions following ketotifen
treatment was approximately 45.7% and that following olopatadine treatment was approximately -1.83%.
The difference between mean cortical H;RO following treatment with ketotifen and olopatadine was
statistically significant.
3. Subjective sleepiness and their correlation with H;RO

Individual subjective sleepiness is represented by the average scores of LARS and SSS data measured
at approximately 07, 30", 60 and 90" min post-ocular illustration. Non-parametric analysis of
Kruskal-Wallis test followed by Dunn’s multiple comparison failed to demonstrate statistical difference in
sleepiness among the subjects treated with ketotifen, olopatadine or the placebo. Correlation analysis
demonstrated that subjective sleepiness, as represented by area under the curve (AUC) of LARS
measurement, showed moderate positive correlation (r = 0.48) with mean cortical H;RO in the ketotifen
treated subjects, but this correlation was not significant (P = 0.16). On the other hand, sleepiness did not

correlate with H1IRO in the case of olopatadine.

BE .

The primary aim of this study was to provide quantitative evidence via molecular imaging using
C-doxepin-PET on whether and to what extent the sedative effect happen in healthy subjects after
anthistamine eyedrop instillation. We also compared this sedative effect of ketotifen with that of a
second-generation antihistamine, olopatadine, which has been demonstrated to be a non-sedative. To the
best of our knowledge, the present study is the first to verify the sedative effect using a direct measure of
central occupancy with PET in human subjects. We found that the radioactivity distribution of the PET
tracer, 'C-doxepin, in subjects treated with ketotifen after instillation was much lower than that in
olopatadine- or placebo-treated subjects. From this we know that ketotifen blocked a greater proportion of
H;Rs than olopatadine or placebo did at the time point examined. We confirmed these differences in terms
of BPRs using both voxel-by-voxel and ROI-based comparison. As a result, most H;R-rich brain regions
demonstrated significantly lower BPRs in the ketotifen -treated subjects. On the other hand, there was no

difference in BPRs between subjects treated with olopatadine and those treated with placebo. H;RO of
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ketotifen and olopatadine using H;RO of each subject after placebo treatment as a baseline. Ketotifen and
olopatadine H;ROs at 12 h after dosing were 45% and 17%, respectively. In conclusion, topical
instillation of ketotifen results in a predominant residual sedative effect, due to which high alertness
demanding activities, such as driving, should be avoided, whereas the non-sedative olopatadine may have
advantages over the first-generation antihistamines in the treatment of allergic conjunctivitis.
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B RGLBEFRBIEOHBIIEE THLHICbMbD LT, BEE TEORRBITEA TV
Vo Fox OBFRETIZ, f/MURREA OO L& DT, fi/Mafka v v 5 ATPase D% % il
45 sarcolipin 2%, DIETILOEMICERMIZEI L WA Z L EZFA L., sarcolipin BT
FEIZ Cre Va v B —YEMLEFEH AL, Cre U 22 B —F knockin—sarcolipin knockout <
U AEAERT DT LK o T, DERRREL FRIBIELZRFTRE Lz, ABIZETIE, AT X
o TLEMAFFRIBLEFRBEITI) L ORMMEERIET 22 L2 BN E T 5,

BUE E CTOLBITDIERD AR 7 HERE DM 7> 5 1T 22 & &I LA < . 2 D7D LER A
BOFA « L OBFECLER & OWREEMHEL 72630 FEFICE L X+ Icifiibn
TEREITVRRY, 29 LIEEBRRET DR T2 DICOE IR OWREMIICE L TH R
AR BN RENTWS, A2z L - T, Cre Y = > B —+ knockin—sarcolipin knockout
~ AR, DEHRRENREB T RBREELSE L7005 EREE LT, FHI L TPITIE,
DR OB - HEE - WO FRFOMBICKECEMTE D EEAXATWVD, KT
FEREIIZ LB ME) Oy F T OISR T T A BIEE LTV 5, LA MENITERR
b O EKICA LN AEIRTH Y, AADOKI 1 %REELTWD &S, LEMHRA O
WIETH D, 2OV RAEFMTLHZ LT, LDEMBFRUICEEDOA 4 F v XV KRB~ T A
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DTERVINEZEZ TV D,
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fitr (RpZE ST & B in - RIRTE) 13, ERICHMARMEFIETH D, LIEITRICB N TS,
DR RAEE T RIBEIC LV 2 OH LWEERE LTV D, L LETEE TLE MR
R 72 B A RIBIEDOBRFITHE A T W, LEM & DR & 135 % B 18 &k OHERE

AL, DEMENR EDERICRA RIRESFIET D, DEMHFA O LilFe - HERE - Hiit 4 i
N5 BT OLEHRERIREE S KIEOREIISLATH 5, WA ITLATHRICE T, Hih
N RIEE FHOOE DT, fi/Mafk v o A ATPase DOIEMEZ Hf#19° 5 sarcolipin 23, DT
XD EMICFFREAICERE L WAL Z 2 R L7 (Minamisawa et al. J Biol Chem, 2003),
DNA ~A 27 07 LA &I ORFSE 72 B2 & - Th, sarcolipin 0 D55 45 B 72 56 BLI M
WENTWD  (Circ Res 93:1193-201, 2003; Physiol Genomics 12:53-60, 2002), /[:E
@%f@ﬂ%%%@ﬁé%%tfk%ﬁﬁﬁ@@&o:m$ﬁ%?@ﬁwvbbﬁmﬁ$£
TH Y. sarcolipin (T & D /MR /LT L ATPase Hill il 230055 ) O UL R 2 RS %
DICHEHBERFEZRIZLTHD ZEBRTRRINTND, £ 2 THAIFI/N—/3— FR: Chien {#
L L OHEFEFIED L & sarcolipin B FEIZ Cre V a2 B —YEEFE2HAL, Cre U 2
VB —BEIL TN sarcolipin FEIBNAZFFRMIZEETH L 57, Cre Varvh—F
knockin—sarcolipin knockout ¥ 7 A Z{ER L7,

2. Y¥BAFICRBTIEAHREORZKHHL2NGE - MANRRRCTFREINIHERLER
BUEE CLEMAFFRNZREEFRE - EAEORBITEA TW WD, RIFFEIZBWT,
Cre ) @2 v} —F knockin—sarcolipin knockout 7 A2 DK N LEGEEN BRI
AT O L U CRENLHIRIUE, R TR CRIAAIREZe b D& /Rmd 2 &£ 1Z72 %, sarcolipin
DAMZ b DEMFFRAEBZ TR T EEBEZ LN TOWD IS D03, Z D ENDLIERCLAE
72 EOPEBRFC, DEHGAS~OFBBNENTL2MESREH/ LTS, fI2E, DEEF R A
FIRABNVE S (ANF) IRDEHFFREICHERT 228 MbN TR, EEZOTnE—F—
T —=0 7SN BEBRERICAA SN T D, L LANFIZDERZREA L RIZE - T,
DEFMICHBNFES N, DAMOSF~v—I—L LTHASh TS, TDA, sarcolipin
129 LIoJRhEREI %iﬂ\%ﬂb’\@%fﬂ IR ERD NIRRT iL‘ﬁEb%ﬁ‘@Z)‘@&)T%<\
OB R O LIEFE - HSHE - W Z 57200 E A & LT, FIAMMEZ D TRE W

LEZOLND,
I HITARMFZEIZBUVW T, Cre U =2 B ) —F knockin—sarcolipin knockout < 7 A DR A
ZEEICHRET T2 Z &I L > Tisarcolipin 73 F HKD.LFE TOREIZH LT 5 2 & A3A]
HE& 72D, sarcolipin [IA/MNEMR A VT T I ATPase DIEMEZHIE L. Lo FE S OGR4
WST D DICHERKR 2R LTV D 2 LB E STV D A sarcolipin MEMKIZIBVT,
DEBEREZ WIDNMZHIEI L TW A L Tid, RO EFE TH 5D, sarcolipin knockout < 77
AN K DT E DR b EENRFEHE 25 B2 bNRD,

XNR & Hik:

Cre U 2> ¥ —¥F knockin—sarcolipin het & knockout = 7 R Z{# - T E AR 4 A&
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I REEATO Z L OFMMEERIET D720 LUT OFEM R R 217 9
1) Cre Y =2 ¥J—+¥ knockin ZIROME

For OBFZEETIE, BEIC Cre U a v B F—VIC X HfHax I k- T, #E(FE VP &
T D~ U A% K[EH Jackson MIFEFTNLIEAZ L TEY, ZOFTRL Cre Jarv)r—+t
knockin—sarcolipin knockout =7 A & ZHTF G T, DM AEERIIZIIT 5 /0LFEH TO YFP
FBREH & T OBREZFEMICBIEET 5, Zhic ko> T, LDERED EORENNS | sarcolipin
DHEBLL ., LERRABRFREDR AR L 72D DNEMRIET 5,
2) sarcolipin AT B RMMIT &L 5 LMB~OEROH %

A< 7 R LBl LT, sarcolipin ~T 1w 7 A TOLOMEEER D EMIERE - LR
WCRERRODERTRD, Thbb, KU A2 LEMHRFROBIEFRIBEELIEL720DIC
R DA, —HFOBIBFIEZD /< &b sarcolipin ~F K & 72 5, fit- T, sarcolipin
AT RRBICE ST, BBICLDEMICERFEZECTLE Y &, AU A2 LEHRFROEGRTX
BIEZITO 12O TERE LTHEHRT2IZIIRERHHINEENTLE S, £ THERK 224
JEIZHB W T, EMFEFEIEIC K5 T, sarcolipin ~7 B~ U A TOLERER. DB HHERE - O
FBIEEBIZRE DN NWhEFIRD,

w R
. DEELEHOER

B~ A& sarcolipin BIa TR~V ADELE, FLE, ELFE. ALEOEE—KEL
DB L TN,
2. DbgRE

W~ 7 AL sarcolipin BRI~ 7 ADLHEREIEIE (FS) 1ZZEA L TV, (LEEED
JEE b B0,
3. DIER
sarcolipin BAR X~ 7 ZDLERDOFEE (ANP, BNP, MHC) DIEHLAEIN L TW7Z20,
4. Ca* Ny RU »TEADEL
sarcolipin {1~ K~ 7 A Tl SERCA2, PLN, RyR2, CSQ . NCX1 %50 Ca* N> KU V7 EEAD
ZALZTRBD AR,
5. 7 LA NI —f#Hr
sarcolipin BAE 7K~ 7 X TIFEZEMFR & GBI EARROFERE (LF, HF, SDNN%§) 235 T
RN,
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KAFFEDFER D BB & EHFFRFHAIZ 1T sarcolipin BinF+KIE~ 7 A TIXOMEEENRN L - T

WRWZ ERGMD ELLEN, Sl olcb, DEEENREDLNE 5, EREGNERWIR

i

EBIZ72 > TV D, FkIT1 8 HDE I~ A% HWT, sarcolipin & FKRE~ T ADLEM

Frfr OBERE - RBZIRRD Z L2 BEZX TV D,
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BE
To clarify the synergistic influence of HPV status and SCCA mRNA expression on HNSCC
prognosis, HPV DNA presence and SCCA1 and SCCA2 mRNA expression were determined by
polymerase chain reaction (PCR) and quantitative real-time reverse transcription-PCR
respectively, in 121 patients with primary HNSCC who were receiving curative treatment
Positive HPV status showed a significantly better prognosis than negative HPV status (P
=0.022). An elevated SCCA2/SCCAT mRNA ratio was an independent predictor of disease
recurrence (P = 0.007). Although no significant correlation between HPV status and the
SCCA2/SCCAT mRNA ratio was observed, HPV-negative patients with a high SCCA2/SCCAT mRNA
ratio (0.27) had a significantly lower survival rate compared with HPV-positive patients
and those with a low SCCAZ2/SCCAT mRNA ratio (P=10.001). Our findings revealed that both
HPV status and the SCCA2/SCCAT mRNA ratio are independently associated with prognosis in
HNSCC. Patients with both a HPV-negative status and a high SCCA2/SCCAT ratio may need more
aggressive treatment and rigorous fol low-up after treatment because of the high risk of

recurrence.

Key words human papi | lomavirus; squamous cel | carcinoma antigen; disease prognosis; head

and neck squamous cell carcinoma

e

During the last decade, the strongest correlation between human papillomavirus (HPV)
and head and neck squamous cel | carcinoma (HNSCC) has been found in oropharyngeal squamous
cell carcinoma, particularly tonsillar carcinoma, with HPV DNA present in up to 70% of
studied patients.'® Furthermore, many studies have demonstrated that patients with
HPV-positive oropharyngeal carcinoma have a better prognosis than HPV-negative

oropharyngeal carcinoma.' Nevertheless, there are few reports regarding the relationship
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between HPV presence and other prognostic factors in patients with HNSCC. Squamous cel |
carcinoma antigen (SCCA) is a member of the family of serine protease inhibitors that map
to the serine protease inhibitor (serpin) cluster at chromosome 18g21.3.* Molecular
studies have demonstrated that SCCA is transcribed by two almost identical genes (SCCA7
and SCCA2). Inprevious studies, the correlation between prognosis and SCCAmRNA expression
in the uterine cervix and head and neck has also been investigated.®”’ To clarify the
synergistic influence of HPV status and SCCA on HNSCC prognosis, the present prospective
study employed polymerase chain reaction (PCR) for HPV DNA detection and quantitative
real-time PCR for SCCA1 and SCCA2 mRNA expression in patients receiving radical treatment.

MR EFHE

One hundred and seventy—two patients with HNSCC provided written informed consent before
being enrolled into this prospective study. Demographic and clinicopathologic parameters
for each patient were col lected at scheduled intervals during the fol low-up period. After
isolating DNA from the clinical fresh-frozen samples, the presence of HPV DNA was analyzed
by PCR using the general consensus primer sets GP5+/GP6+ and MY09/11. Positive PCR products
were purified and directly sequenced. Obtained sequences were aligned and compared with
those of known HPV types in the GenBank database using the BLAST program.

cDNA was synthesized from DNA-free total RNA after total RNA was isolated from frozen
samples of HNSGCs. To estimate SCCA7 and SCCAZ genes expression, quantitative real time-PCR
was performed with the ABI Prism 7300 Sequence Detection System and TagMan PCR Master Mix
I1. Primers and TagMan probes were used as previously described.’ Two standard curves for
the SCCA7 and SCCA2 genes were generated by amplification of serial 10-fold dilutions of
aplasmid pDNR-LIB carrying SCCA1 and SCCA2 cDNA, respectively. A linear relationship was
found between the threshold cycle values plotted against the log of the copy number over
the entire range of dilutions. For precise quantification, the SCCA7 and SCCAZ mRNA
expression level of each sample was normalized using the expression of the A -actin gene.
The quantitative value of SCCA7 or SCCAZ mRNA was described as each value relative to /#
-actin mRNA (relative signal intensity, e.g. RSI: value of 100,000 x SCCA/ /G -actin).

A Mann-Whitney U-test or Kruskal-Wallis test for continuous variables and Pearson’ s
Chi-square test or Fisher’ s exact test for dichotomous variables were used to compare
patients with and without mutations at baseline. Survival curves were estimated according
to the Kaplan—-Meier method, and survival distributions were compared using the log-rank
test. Multivariate analysis for recurrence—free survival and disease- specific survival
were performed using the Cox proportional hazards model. Analyses were performed using
the SPSS statistical package.
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Prevalence of HPV in HNSCC

Of the 172 registered patients, 38 were excluded from the study, since they did not meet
eligibility criteria. The remaining 121 patients were eligible for investigation. The
prevalence of HPV DNA in HNSCC was 28. 1% (34/121). HPV DNA was most frequently observed
in the oropharynx (18 of 38 cases, 47.4%). The palatine tonsil was the most common site
in the oropharynx infected by HPV (15 of 22 cases, 68. 2%). Among HPV-positive HNSCC samples,
29 (85.3 %) were infected with HPV-16 and the others were infected with non-16 high-risk
types, inparticular, 2 with HPV-33, 1 with HPV-35, and 2 with HPV-58. There were no cases
of HPV-18, and no multiple HPV infections were detected.
Quantitative analysis of SCGA7 and SCCAZ mRNA expression in HNSCC

Each expression of SCCA7 and SCCAZ mRNA in HNSCC was significantly higher than that in

non-malignant tissue (P< 0.001 and P< 0.001, respectively), shown in Figure 1-A. HNSCC
had a significantly higher value than non—-malignant tissue for the SCCAZ/SCCAT mRNA ratio
(P<0.001, Figure 1-B). SCCAZ expression in samples with a high SCCA2/SCCAT mRNA ratio
was significantly increased and 3-fold higher than samples with a low SCCAZ/SCCAT mRNA
ratio (median 2.10 x 10% vs 6.59 x 10, P =0.001).

(Figure 1)
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Prognosis in relation to HPV DNA presence and the SCGAZ2/SCCAT mRNA ratio
1) Impact of HPV DNA presence and SC0A2/SCCAT7 mRNA expression ratio, respectively, on
prognosis

Kaplan-Meier analysis revealed that patients with HPV-positive HNSCC had better
recurrence—free survival than patients with HPV-negative HNSCC (P = 0.022, Figure 2-A).
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O0f the various primary lesions, HPV-positive patients with oropharyngeal carcinoma had
better recurrence-free survival than HPV-negative patients with oropharyngeal cancer (P
=0.037, Figure 3-A). Patients with a low SCCA2/SCCAT mRNA ratio (£0.27, n=47) had better
recurrence-free survival than patients with a high SCCA2/SCCAT mRNA ratio (50.27, n=T74)
(P=10.027, Figure 2-B).

(Figure 2)
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2) Synergistic relationship between HPV presence and SCGA2/SCCAT mRNMA ratio in
recurrence-free survival

HPV-negative patients with a high SCCA2/SCCAT mRNA ratio had significantly lower
recurrence-free survival compared with both HPV-positive patients and HPV-negative/low
SCC2/SCCAT ratio patients (P < 0.001, Figure 2-C). In oropharyngeal carcinoma
HPV-negative patients with a high SCCA2/SCCATmRNA ratio alsohad asignificantly decreased
recurrence—free survival compared with HPV-positive patients or with those with a low
SCCAZ2/SCCAT mRNA ratio (P=0.024, Figure 3-B) The final model of multivariate analysis
using a Gox proportional hazards model for identification of independent risk factors of
recurrence—free survival of HNSCC showed that female gender (P=0.044; adjusted HR = 2. 83;
95% CI =1.03-7.78), advanced T stage (P=0.020; adjusted HR = 2.56; 95% CI = 1. 16-5. 66),
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HPV-negative status (P = 0.005; adjusted HR = 5.97; 95% CI = 1.71-20.87), and a high
SCCA2/SCCAT ratio (P=10.007; adjusted HR = 3. 64; 95% CI = 1. 42-9. 30) were associated with
a high risk of HNSCC recurrence.

(Figure 3)
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In the present study, HPV DNA, mainly HPV-16, was detected in 28. 1% of HNSCC cases. The
recurrent—free survival in HPV-positive patients with HNSGC, including the oropharynx,
was significantly better than in HPV-negative patients with HNSCC, which was consistent
with previous study.' SCCA7 and SCCA2 mRNA expression in HNSCC was 17-fold and 80-fold
higher than in non-malignant tissues, respectively, suggesting that the high SCCAZ2/SCCAT
mRNA ratio in HNSCC is due to elevation of SCCA2 mRNA expression. It seems that elevated
SCCA2 expression might play a more important role in the progression of cancer and in
protecting malignant cells from various therapies for HNSCC than previously envisaged.

The present study indicated that patients with a high SCCA2/SCCAT mRNA ratio had a poor
prognosis and that a high SCCA2/SCCAT mRNA ratio is associated with disease recurrence.
These results suggest that the SCCA2/SCCAT mRNA ratio has potential for predicting disease
severity and response to treatment. To the best of our knowledge, this is the first study
to perform absolute quantification of SCCA7 and SCCAZ from malignant and non-malignant
tissue of the head and neck.

Multivariate analysis on recurrence-free survival inthe present study clearly indicated
that in addition to tumor stage and gender, both HPV status and the SCCAZ/SCCAT mRNA ratio
are independent prognostic factors for recurrence in HNSCCs. In addition, a HPV-negative
status and/or a high SCCAZ2/SCCAT mRNA ratio indicated a markedly increased risk of
recurrence after initial radical therapy in patients with HNSCC, and a similar tendency

was observed in patients with oropharyngeal carcinoma.
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In conclusion, our findings provide evidence that both HPV status and the SCCAZ2/SCCAT
mRNA ratio are independently associated with HNSCC prognosis. Positive HPV status and a
low SCCA2/SCCA ratio are two independent factors for predicting good prognosis. On the
other hand, patients with both high SCCAZ2/SCCA7 mRNA ratio and negative HPV status had
HNSCC recurrence after radical treatment. The present results suggest that HPV-negative
patients with a high SCCA2/SCCAT mRNA ratio need more aggressive therapy and rigorous

fol low-up after treatment.

SE 3

1. Fakhry G, Westra WH, Li S, Cmelak A, Ridge JA, Pinto H, Forastiere A, Gillison ML
Improved survival of patients with human papillomavirus—positive head and neck squamous
cell carcinoma in a prospective clinical trial. J Natl Cancer Inst 2008;100:261-9

2. D' Souza G, Kreimer AR, Viscidi R, Pawlita M, Fakhry C, Koch WM, Westra WH, Gillison
ML. Case-control study of human papillomavirus and oropharyngeal cancer. N Engl J Med
2007;356:1944-56.

3. Deng Z, Hasegawa M, Matayoshi S, Kiyuna A, YamashitaY, Maeda H, Suzuki M. Prevalence
and clinical features of human papillomavirus in head and neck squamous cell| carcinoma
in Okinawa, southern Japan. Eur Arch Otorhinolaryngol 2011;268:1625-31.

4. Schneider SS, Schick G, Fish KE, Miller E, Pena JC, Treter SD, Hui SM, Silverman
GA. A serine proteinase inhibitor locus at 18g21.3 contains a tandem duplication of the
human squamous cell carcinoma antigen gene. Proc Natl Acad Sci U S A 1995;92:3147-51.
5. Yuan SH, Liang XF, Jia WH, Huang JL, Wei M, Deng L, Liang LZ, Wang XY, Zeng YX.
Molecular diagnosis of sentinel Iymph node metastases in cervical cancer using squamous
cell carcinoma antigen. Clin Cancer Res 2008;14:5571-8

6. Stenman J, Hedstrom J, Grenman R, Leivo I, Finne P, Palotie A, Orpana A. Relative
levels of SCCA2 and SCCAT mRNA in primary tumors predicts recurrent disease in squamous
cell cancer of the head and neck. Int J Cancer 2001;95:39-43

1. Hsu KF, Huang SC, Shiau AL, Cheng YM, Shen MR, Chen YF, Lin CY, Lee BH, Chou CY
Increased expression level of squamous cel| carcinoma antigen 2 and 1 ratio is associated
with poor prognosis in early-stage uterine cervical cancer. Int J Gynecol Cancer
2007;17:174-81.

T AR, 2001 £ 9 A 5 27 BERELEEY A ILRER] [TTRAZ2—F%K, 2011 £ 12
A IF 11 mREESRBM2ZER] [CTORERER,

EpB - 20124 3 A 9H

—122—



) 7R ET pypyssse

WMHEAN BHREZEHS

2011 4FEE SR RSB R 3R & — £ 8 HE AR IEE —
20124 3 A 14 H

MENEA BHEFHES #HF
B & 0 Bk 0 L T BT — < leo TRV e LE T,

IR : RS

TEAFEERSY :  f

fRERTEL: A 79

FTBEEA AL KFHAL A T W4« #f%
A Fv R IR R

T fE Ml e T EEEKEERT 1-1

5 £5:022-717-7294 I

1. BOIRk&%E . 600, 000 M

2. HRT—<

BHACRE A RPN, (IR ERR A, FER A E O B AT
3. HEDOHE
BANEBERREETFORAZ U == 7270, B4k 2 £ HK &is

F. NCK2 SBEFOERIETEENES OfEY RE L G0, 738

IR D LIBP2 BIEF DAY ) —= 7 ERBITIZIKICbES,
4. WRELE
(1)Z2lckiT 2%FE e - A (Fa4 - HE)
WOC 2012(Abu Dhabi, UAE)

Molecular Genetic Analysis of Primary Open-angle Glaucoma, Normal

Tension Glaucoma, and Developmental Glaucoma for VAV2 and VAV3 Variants in

Japanese

(2)ER LML - EREL - Ea)

—123—




5. IREFEREDER BEBEETEMNTRA - CEEMEELY)

EHRICR A ERER BT TEBY ., ZORE, FTRRIMOFEEDE

I 2

FFERV, HIFRICHT HER. B8 BARAFTES LWbORH D,

S DI DB FAEITIE, O NCREFERIRE RS EARANEEL ST

BY ., AEIOERIE, ERNOFKAESE TOEGF2E - SBITICZ KR Tk

bbb T EERXOND, SEROELRDIERAIPHAGSND,

EEEEEES i

—124—




— B PEREHRBRIE—
BB ARANE, EFXIRERNE, REGNEOY FREFZOMN

MEEKELE [ H

TEAREE  PEEMKFERIRER

BRI IR FRFEREERFER REESH
FHRMEE B ik A5

EFEIBIEES  WE ORR, WKk 2

Molecular Genetic Analysis of Primary Open-angle Glaucoma, Normal Tension
Glaucoma, and Developmental Glaucoma for VAV2 and VAV3 Variants in Japanese

=B

Purpose: The VAV2 and VAV3 genes have been implicated in primary open angle glaucoma
(POAG) in the Japanese. The purpose of this study was to determine whether variants in the vav 2
guanine nucleotide exchange factor (VAV2) and vav 3 guanine nuclectide exchange factor (VAV3)

genes are associated with primary open-angle glaucoma (POAG), normal tension glaucoma (NTG),
and developmental glaucoma (DG) in the Japanese.

Methods: One hundred sixty-eight unrelated Japanese patients with POAG, 163 unrelated patients
with NTG, 45 unrelated patients with DG, and 180 ethnically-matched normal controls were studied.
Genomic DNA was extracted from leukocytes of the peripheral blood, and variants in the VAV2 and
VAV3 genes were amplified by polymerase chain reaction (PCR) and directly sequenced.

Results: Two variants were identified; rs2156323 in VAV2 and rs2801219 in VAV3. The allele
frequency of rs2156323 in VAV2 in the POAG, NTG, and DG groups was not significantly different
from the control group (minor allele frequency 0.051, 0.049, 0.022 vs. 0.036; P = 0.35, 0.40, and
0.51, respectively). The allele frequency of the rs2801219 in VAV3 was also not significantly higher
in the two groups than in the control group (minor allele frequency 0.211, 0.236, 0.244 vs. 0.197; P
= 0.64, 0.22 and 0.32).

Conclusions: The variants, rs2156323 in VAV2 and rs2801219 in VAV3 genes and the prevalence
of POAG, NTG, and DG in unrelated Japanese patients indicate that they are not involved in the
pathogenesis of POAG, NTG, or DG.

Key Words POAG, NTG, DG, VAV2, VAV3, Gene screening
i

Glaucoma is a complex, heterogeneous disease characterized by a progressive degeneration of the
optic nerve axons, and is the second highest cause of blindness affecting approximately 70 million
people. The prevalence of NTG is significantly higher among the Japanese than among Caucasians.

Although the precise molecular basis of POAG has not been established, it is probably a
genetically hetercgeneous disorder caused by the interaction of multiple genes and environmental
factors. To date, at least fifteen loci from GLC1A to GLC10 have been linked to POAG, and three
genes have been identified.
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Recently, the vav 2 guanine nucleotide exchange factor (VAV2) and vav 3 guanine nucleotide
exchange factor (VAV3) genes were reported to cause POAG in the Japanese. The authors
provided functional evidence suggesting that Vav2 and Vav2/Vav3 deficient mice had a
spontaneous glaucoma phenotype resulting in progressive iridocorneal changes and elevated IOPs.
In addition, a genome-wide association study (GWAS) screening for glaucoma susceptibility loci
using single nucleotide polymorphisms (SNPs) analysis identified intronic SNPs in VAV2
(rs2156323) and VAV3 (rs2801219) as candidates for genes associated with POAG in Japanese
patients.

The development of an accurate diagnostic test for pre-symptomatic individuals at risk for
glaucoma is needed, and the screening of the VAV2 and VAV3 genes may identify pre-symptomatic
cases in the general population. Thus, the purpose of this study was to determine whether variants
in the VAV2 and VAV3 genes contribute to POAG, NTG, and developmental glaucoma (DG) in
Japanese patients.

XL HE
Patients

168 unrelated Japanese patients with POAG, 163 unrelated Japanese patients with NTG, and 45
unrelated Japanese patients with DG, who were diagnosed in the ophthalmological clinic at the
Tohoku University Hospital, Sendai, Japan, were studied.

Sample Preparation and Variant Screening

Genomic DNA was extracted from leukocytes of peripheral blood and purified with the Qiagen
QlAamp Blood Kit (Qiagen, USA). SNPs rs2156323 (VAV2) and rs2801219 (VAV3) and their
flanking regions were amplified by a polymerase chain reaction (PCR) using 0.5 uM intronic primers
in the amplification mixture (25 i) containing 0.2 mM dNTPs and 0.5 U Ex Taq polymerase (Takara)
with 30 ng template DNA at an annealing temperature of 60° C. Oligonucleotides for amplification
and sequencing were selected using Primer3 software, (http:/frodo.wi.mit.edu/cgi-
bin/primer3/primer3_www.cgi/ provided in the public domain by the Massachusetts Institute of
Technology, Cambridge, MA).

The PCR fragments were purified with ExoSAP-IT (USB, Cleveland, Ohio, USA), sequenced
by the BigDyeTM Terminator Cycle Sequencing Ready Reaction Kit (Perkin-Elmer, Foster City,

California, USA) on an automated DNA sequencer (AB| PRISMTM 3100 Genetic Analyzer, Perkin-
Elmer). ‘

B2
Allelic frequencies for rs2156323 SNP in VAV2 and rs2801219 SNP in VAV3

Two variants were identified: rs2156323 in VAV2 and rs2801219 in VAV3. The allele frequencies of
rs2156323 in VAV2 in the POAG, the NTG, and the DG groups were not significantly different from
that in the control group. The allele frequency of the rs2801219 in VAV3 was also not significantly
higher in the two groups than in the control group .

Genotype frequencies for rs2156323 SNP in VAV2 and rs2801219 SNP in VAV3

For the rs2156323 in VAV2, the genotype frequency was not statistically higher in the POAG, the
NTG, and the DG groups than in the control group. For the rs2801219 in VAV3, the genotype
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frequency was not statistically higher in the POAG, the NTG, and DG groups than in the control
group.

Dominant and recessive model for rs2156323 SNP in VAV2 and rs2801219 SNP in VAV3

The homozygotes for rs2156323 SNP A/A were 0% in the glaucoma subjects, and 0.6% in the
control subjects. We analyzed the dominant and recessive model for rs2801219 SNP in VAV3.
There was also no significant difference between the subgroups of glaucoma and SNP rs2801219
in VAV3. However, in NTG group, the P = 0.06 for the dominant model.

2]

Obtaining evidence that candidate genes and gene variants are significantly associated with a
specific disease is biologically more meaningful when they are found in different ethnic populations.
The significant associations would then indicate that these genes play a role in the pathogenesis of
the disease. Our findings showed that the risk alleles rs2156323 (VAV2) and rs2801219 (VAV3)
were not significantly associated with POAG in Japanese patients. These risk alleles were also
found to be not significantly associated with either POAG or primary angle closure glaucoma
(PACG) in an Indian cohort. The investigators found that the genotype frequencies at these loci
were not significantly different among the POAG, PACG, and controls subjects among their Indian
cohorts.

The finding that Vav2-deficiency alone resulted in a glaucoma phenotype in mice suggested that
the absence of Vav2 is associated with the development of glaucoma in mice. However, our
findings showed there was no significant association between the VAV2 SNP and POAG, NTG, and
DG. In addition, the VAV2 SNP r52156323 was not associated with these glaucoma phenotypes.
Functionally, Vav2/Vav3-deficient (Vav2’Vav3™) mice have buphthalmos along with iridecorneal
changes that altered the aqueous outflow leading to the elevated intraocular pressures. The optic
nerve head cupping resembled that in developmental glaucoma and PACG. Thus, we suggest that
VAV2 and VAV3 could be major candidate genes for developmental glaucoma in humans. But our
results showed that not only DG but also POAG and NTG were not associated with alleles
rs2156323 (VAV2) and rs2801219 (VAV3).

There is a possibility that a lack of significant associations at these loci in our POAG cases could
have been due to clinical heterogeneity.

Another possibility for the lack of significant associations is the sample size.

In summary, variants rs2156323 in VAV2 and rs2801219 in VAV3 genes do not appear to be
major risk factors for the pathogenesis of glaucoma in the Japanese. However, Vav2/\Vav3-
 deficient mice can still serve as a useful model of spontaneous glaucoma, and investigations of the
development of their phenotype may provnde information on the pathogenesis of glaucoma in
humans,
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E § (Abstract)

Bisphosphonates are well known drugs that can inhibit bone resorption and normalize the high rate of bone turnover that
characterizes osteoporosis. Recently, hydroxyapatite (HA) has been used as bisphosphonates local delivery system to
enhance peri-implant bone formation, and the results are generally encouraging. In the present study, a thin film HA
coating with strong adhesion and bioactive microstructure prepared by radio frequency (RF) magnetron sputtering
technique was used as bisphosphonate carrier. Microbial adhesion and the accumulation of pathogenic biofilms are
considered to play major roles in the pathogenesis of peri-implantitis and implant loss. In addition, bisphosphonate-
related osteonecrosis of the jaw (BRONIJ) has become a big concern lately. A recent study reported that zoledronic acid
(ZOL) promoted the adherence of streptococcus mutans to hydroxyapatite and the proliferation of oral bacteria. The
purpose of the present study is to find out a coating concentration which can improve peri-implant bone formation but
minimize bacterial adhesion. Custom made sputtered HA coated titanium cylinders were used as the substrate materials
for ZOL application. There are four groups: (1) control group (without ZOL treatment); (2) Low dose group (0.5
pg/implant); (3) medium dose group (2ug/implant); (4) high dose group (10ug/implant). Each implant was inserted in the
medullary cavity of a femur from the intercondylar notch. After 2 weeks healing, animals were sacrificed and femora
were harvested for micro-CT and histology analysis. Bacteria were cultured on the samples with different amount of ZOL,
and analyzed with the Live/Dead BacLight bacterial viability kit. We found out that the low dose and medium dose
groups showed significantly higher bone implant contact than the control and high dose groups. There was also a
significantly larger peri-implant bone volume in the low dose group than in the control and high dose groups, which was
consistent with the result of mineral apposition rate. In addition, no significant difference in bacterial adhesion was
observed among groups. The results indicated that the ZOL released from the sputtered HA coating stimulated
peri-implant bone formation at relatively low dose (0.5 pg and 2pg). Furthermore, the bacterial adhesion to the HA

implant was not affected by the application of ZOL.

Key words

Implant, hydroxyapatite, bisphosphonates, bone formation, bacteria.

% = (Introduction)
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Bisphosphonates (BP) are well known drugs that can inhibit bone resorption and normalize the high rate of bone turnover
that characterizes osteoporosis. BP, such as zoledronic acid (ZOL), have a high affinity for both natural and synthetic
hydroxyapatite (HA), and their powerful anti-resorptive effects in osteoporosis were recognized through directly
blocking osteoclastic proliferation and activity, or indirectly acting on osteoclasts via osteoblasts. Considering the
undesirable effects such as gastrointestinal ulceration and osteonecrosis of the jaw, local application of BPs, a direct
targeting at osteoclasts to be controlled, seems more effective. Recently, HA has been used as a local delivery system for
bisphosphonates to enhance peri-implant bone formation, and the results are generally encouraging [1, 2]. However the
HA coating in the previous studies was produced by a plasma spray technique which has been reported to result in a
non-uniformity in coating density and poor adhesion between the coating and substrates [3]. The inflammatory response
which in turn induces implant loosening is a biological consequence of the coating debris. In the present study, a thin
film HA coating with strong adhesion and bioactive microstructure prepared by a radio frequency (RF) magnetron
sputtering technique [4] was used as an alternative bisphosphonate carrier. Microbial adhesion and the accumulation of
pathogenic biofilms are considered to play major roles in the pathogenesis of peri-implantitis and implant loss. In
addition, bisphosphonate- related osteonecrosis of the jaw (BRONJ) has become a big concern lately. A recent study
reported that ZOL promoted the adherence of streptococcus mutans to hydroxyapatite and the proliferation of oral
bacteria. The purpose of the present study is to find out a coating concentration which can improve peri-implant bone

formation but minimize bacterial adhesion.

%t4 L 5% (Materials and Methods) :

Preparation of implants

Custom made Radio frequency (RF) sputtered HA coated titanium cylinders, measuring 1 mm in diameter and 15 mm in
length, were used as the substrate materials for ZOL. Briefly, all the titanium cylinders were sandblasted by fluorapatite
crystal and then subjected to an acid etching treatment. Sputtering was carried out to produce an average thickness of
1.1um. Subsequently, a hydrothermal treatment was performed at a temperature of 120[] in an electrolyte solution
containing calcium and phosphate ions for 20h. The surface roughness (Ra) was determined using a surface measurement
tester (SURFCOM 130A). The average roughness of the sputtered HA coating was 1.5um. These implants were sterilized
and subjected to different amount of ZOL, including (1) control group (without ZOL treatment); (2) Low dose group (0.5
pg/implant); (3) medium dose group (2 pg/implant); (4) high dose group (10 pg/implant)

Animal and surgical procedures

Twelve 24-week-old female Wistar rats were randomly assigned into four groups explained above. Each implant was
inserted in the medullary cavity of a femur from the intercondylar notch. After 2 weeks healing, animals were
sacrificed and femora were harvested for micro-CT and histology analysis.

Micro CT analysis

X-ray imaging was performed by a micro-CT scanner (InspeXio; Shimadzu Science East Corporation, Tokyo,Japan) with
a voxel size of 20 mm/pixel. Tri/3D-Bon software (RATOC System Engineering Co. Ltd, Tokyo, Japan) was used to
make a 3D reconstruction from the obtained set of scans. Out of the entire 3D data set, the region of interest (ROI) was
defined as the 100 slices from 3 mm below the growth plate and limited to a semi-ring of 2.0 mm diameter from the

implant axis. Bone volume within the region of interest was calculated.

—133—



Histological evaluation

To obtain non-decalcified sections, samples were dehydrated in ascending gradient of ethanol, and then embedded in
polyester resin (Rigolac-70F, Rigolac-2004, Nisshin EM Co.,Tokyo, Japan). The sections at approximate 3 mm below
the growth plate were cut (Exakt, Mesmer, Ost Einbeck, Germany) in the horizontal direction and ground to a thickness
of about 200 um. The sections were finally stained with 0.1% toluidine blue, and observed under a light microscope.
Bone implant contact (BIC) was quantified by a computer image analyzer (Image J, National Institute of Health, U.S.A).
Measurement of mineral apposition rate (MAR)

Inter label distance was measured (Image J, National Institute of Health, U.S.A) and the value was divided by the time
interval (7 days) between administrations of two vital markers.

Bacteria growth

Bacteria were cultured on the samples with different amount of ZOL, and analyzed with the Live/Dead

BacLight bacterial viability kit.

FER (Results) :

Micro-CT analysis revealed considerable difference among different groups (Fig. 1). Low dosage (0.5 pg/implant) and
medium dosage (2 pg/implant) groups had striking effects on increasing the peri-implant bone volume when compared
with the control group (p<0.05). By contrast, the high dosage group (10 pg/implant) could not induce a greater
restoration in the bone volume.

In all the histological sections, no delamination of the HA coating was noted. The low dosage (0.5 pg/implant) and
medium dosage (2 pg/implant) groups showed significantly higher BIC than the control and high dosage (10 pg/implant)
groups (Fig 2). Furthermore, the MAR in The low dosage (0.5 pg/implant) was also significantly higher than those of
other groups (Fig 3.)

%Z%% (Discussion and conclusions) : The results indicated that the ZOL released from the sputtered HA coating
stimulated peri-implant bone formation at relatively low dose (0.5 pg and 2pg), which is even less than the previous
study by using plasma spray HA coating. This might be due to the small crystallite size (around 100nm) of the sputtered
thin film HA, which was supposed to increase the effectiveness of ZOL absorption. Furthermore, the bacterial adhesion
to the HA implant was not affected by the application of ZOL. A long-term in vivo study should be performed to test

coating degradation.
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SNAP-25 (synaptosomal-associated protein 25) is a member of SNARE complex which is the
minimal machinery for membrane fusion, the final step of regulated exocytosis. Phosphorylated
SNAP-25 was dephosphorylated by protein phosphatase-1, whose activity was regulated by PRIP,
thus regulating exocytosis. The results provide the first information regarding the phosphatases
responsible for phospho-modulation of SNAP-25 and the regulation of exocytosis.
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Exocytosis is one of the most fundamental cellular events. The basic mechanism of the final step,
membrane fusion, is mediated by the formation of the SNARE complex, which is modulated by the
phosphorylation of proteins controlled by the concerted actions of protein kinases and phosphatases. We
have previously shown that a protein phosphatase-1 (PP1) anchoring protein, PRIP (phospholipase
C-related, but catalytically inactive protein), has an inhibitory role in regulated exocytosis. The current
study investigated the involvement of PRIP in the phospho-dependent modulation of exocytosis.
Dephosphorylation of SNAP-25 (synaptosome-associated protein of 25kDa) was mainly catalyzed by PP1
and the process was modulated by wild-type PRIP, but not by the mutant (F97A) lacking PP1-binding
ability in in vitro studies. We then examined the role of PRIP in phospho-dependent regulation of
exocytosis in cell-based studies using a pheochromocytoma cell line, PC12 cells, that secrete noradrenalin.
Exogenous expression of PRIP accelerated the dephosphorylation process of phosphorylated SNAP-25
after forskolin or phorbol ester treatment of the cells. The phospho-states of SNAP-25 were correlated
with noradrenalin secretion, which was enhanced by forskolin or phorbol ester treatment and modulated
by PRIP expression in PC12 cells. Both SNAP-25 and PPl were co-precipitated in anti-PRIP
immunocomplex isolated from PC12 cells expressing PRIP. Collectively, together with our previous
observation regarding the roles of PRIP in PP1 regulation, these results suggest that PRIP is involved in
the regulation of the phospho-states of SNAP-25 by modulating the activity of PP1, thus regulating
exocytosis.

Key words:
cAMP-dependent protein kinase, exocytosis, phospholipase C, protein phosphatase, SNARE

E:

Protein phosphorylation and dephosphorylation through activation of protein kinases and phosphatases
play an important role in the regulation of exocytosis. Fewer studies regarding the phosphatases
responsible for the phospho-regulation of exocytosis have been performed than those regarding kinases.
Furthermore, the combination of specific substrate proteins implicated in exocytosis, specific kinase and
phosphatase, and their regulation to modulate exocytosis are still unknown.

Phospholipase C-related, but catalytically inactive protein (PRIP) was originally identified in this
laboratory as a novel D-myo-inositol 1, 4, 5-trisphosphate [Ins(1,4,5)P3] binding protein, whose name was
derived from the lack of catalytic activity in spite of the similarity to phospholipase C5-1 (1-6). Further
studies revealed that PRIP has a number of binding partners, including the catalytic subunit of protein
phosphatase 1o (PP1a) and PP2A (7, 8), phosphorylated (active) form of Akt (9). Thus, PRIP is an
unique molecule which associates with both multiple phosphatases and a kinase, suggesting that PRIP
participates in the phosphoregulation of cellular events, by recruiting these enzymes to where the event
occurs if PRIP can approach. We have recently reported that exocytosis of various peptide hormones such
as gonadotropins and insulin was up-regulated in PRIP knock-out mice (10, 11), indicating that PRIP is
likely to be involved in dense-core vesicle exocytosis in a negative manner. The molecular mechanisms
underlying the inhibition of exocytosis by PRIP are currently being studied in the laboratory. In the
present study, we investigated the possible involvement of PRIP in the phospho-regulation of exocytosis
through modulation of the dynamics of protein phosphorylation.

MEAE:

Noradrenalin Secretion Assay: PC12 cells were labeled with [*H]noradrenalin (NA). The secretion of
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[*H]NA was triggered with high-K*/PSS (81 mM NaCl, 70 mM KCI). The radioactivity of [*H]JNA
remaining in cells and secreted into the medium was measured by a liquid scintillation counter.

In vitro Phosphorylation and Dephosphorylation of SNAP-25: GST-tagged SNAP-25 was phosphorylated
with [y-2P]ATP using the catalytic subunit of PKA. The mixture was separated by SDS-PAGE, followed
by CBB staining and autoradiography. For the dephosphorylation assay, GST-tagged SNAP-25
immobilized on glutathione beads was phosphorylated as described above, followed by
de-phosphorylation by PP1, PP2A, or PP2B in an appropriate buffer solution. The radioactivity of
released *?P was counted using a liquid scintillation counter, and beads were analyzed by SDS-PAGE for
CBB staining and autoradiography.

Labeling of PC12 Cells and Immunoprecipitation for Phosphorylation Assay: PC12 cells were labeled
with [*2P]orthophosphate. After treating the cells with the substance of interest, cells were lysed and the
cell extract were subjected to immuonoprecipitation by anti-SNAP-25 antibody and the precipitates were
examined by SDS-PAGE for autoradiography.

B

Regulation of exocytosis by protein phosphorylation: We previously found that the absence of ATP
after permeabilization of PC12 cells diminished Ca®*-triggered exocytosis (12), and this diminishment is
assumed to be caused by the conversion of membrane PtdIns(4,5)P, to phosphatidylinositol phosphate
and then phosphatidylinositol in the absence of ATP. We assumed that protein phosphorylation involved
in exocytosis is also implicated in its regulation and it was confirmed using a protein phosphatase
inhibitor, calyculin A, which partially rescued the diminishment by about 25 % (Data not shown).
PtdIns(4,5)P, was not increased by calyculin A, although permeabilization decreased PtdIns(4,5)P, and
incubation in the presence of ATP increased Ptdins(4,5)P, (Data not shown). The results clearly indicate
that protein phosphorylation is involved in the regulation of exocytosis in a positive manner.

Dephosphorylation of SNAP-25: Many proteins important for exocytosis can be phosphorylated by
various protein kinases. One of the most investigated SNARE proteins is SNAP-25, the phosphorylation
of which has been previously reported to be catalyzed by both PKA and PKC to enhance exocytosis
(13-16). Thus, we focused on the phospho-modulation of exocytosis via SNAP-25.
GST-fused SNAP-25 was phosphorylated by the catalytic subunit of PKA using [y-P]JATP (Fig. 1A),
which was subjected to measuring phosphatase activity of the catalytic subunit of PP1, PP2A or PP2B.
PP1 caused the release of 3P from GST-SNAP-25 in a dose-dependent manner, and PP2A also catalyzed
the release but to a lesser extent, whereas PP2B showed no activity (Fig. 1B), indicating that SNAP-25
phosphorylated by PKA was mainly dephosphorylated by PP1 and to a lesser extent by PP2A in vitro.
We have previously shown that PRIP is a negative modulator of PP1 (7). PRIP binds to PP1 to inhibit the
phosphatase activity. When PRIP-1 itself is phosphorylated by PKA at residue T94, PP1 could no longer
associate with PRIP to be an active form. Thus, we examined the effect of PRIP on dephosphorylation of
SNAP-25 by PP1. The release of *P from phosphorylated SNAP-25 was inhibited by the wild-type
PRIP-1, but not by the mutant PRIP-1, whose residue Phe97 was replaced with Ala, lacking PP1 binding
A B _PP1_ _PP2a PPOB. ability (7) (Fig. 1C). Dephosphorylation of SNAP-25

prosphe. oot 00810951 cafalyzed by PP1 was not inhibited by previously
[-EPATP 4 + = GsTonapos B = e eewew]

L e ST phosphorylated PRIP-1 (Fig. 1D). The results indicate that

ST SNAR 25 g wo PRIP could be involved in the modulation of the

cstemanas [ = ;gm phospho-state of SNAP-25 through regulating the activity
e of PPL.

Coa Poma Pees™  FIGURE 1. Dephosphorylation of SNAP-25 was mainly
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Regulation of dephosphorylation of SNAP-25 by PRIP-1: We then examined the roles of PRIP in
regulating the phospho-state of SNAP-25 in PC12 cells labeled with [**PJorthophosphate. Forskolin
treatment caused robust **P incorporation into SNAP-25, slowly decreasing for up to 30 min after the
removal of forskolin (Fig. 2A). However, expression of wild type PRIP-1(Fig. 2B), but not the mutant
PRIP-1 (F97A; Fig. 2C), which lacks PP1 binding ability, or PRIP-1 (T94A; Fig. 2D), which is not
phosphorylated and therefore keeps PP1 sequestered and inactivated, promoted the dephosphorylation
process of SNAP-25. These results indicate that the dephosphorylation process of SNAP-25 catalyzed
mainly by PP1 was accelerated by the presence of PRIP-1 in PC12 cells, and PP1 binding ability is
required for PRIP to execute the role in regulating the dephosphorylation of SNAP-25.

FIGURE 2. Dephosphorylation of SNAP-25 was modulated A
in PC12 cells expressing PRIP-1. PC12 cells expressing GFP
(A), GFP-PRIP-1 (WT) (B), GFP-RPIP-1 (F97A) (C) or
GFP-PRIP-1  (T94A) (D) were labeled  with
[*2P]orthophosphate, followed by stimulation with 50 pM
FSK for 5 min. After removing the stimulus, cells were left 12 =

for the time period indicated. Phosphorylation of SNAP-25 fj*‘—\
was analyzed by immuonoprecipitation followed by
autoradiography and Western blotting. -

GFP B  GFP-PRIP (WT)

PSNAP-25
relative

afterm}gmn; L0 0 5 10 20 30 (min 0 0 5 10 20 30(min)

stmilaton = + ~ +
Noradrenalin secretion induced by high-K* from PC12 c
cells, which were treated similarly to the description in
Figure 2, was also examined. As shown in Figure 3, the
results indicate that PRIP-1 is involved in the regulation
of NA secretion through  modulating the ]
dephosphorylation of some proteins important for :
exocytosis. This correlated with the regulation of the

PSNAP-25
relative
oo o o
SE88

phospho-state of SNAP-25 by PRIP-1 through PP1 : e
H H Time min’
ing R BN el
A . GFP B GrePRIP(WT) FIGURE 3. [3H]N_A secretion was modulated by PRIP-1.
o ( ] =—=—r—— PC12 cells expressing GFP (A), GFP-PRIP-1 (WT) (B),
o . ” GFP-RPIP-1 (F97A) (C) or GFP-PRIP-1 (T94A) (D) were

labeled with [*H]NA, followed by stimulation with 50 uM
FSK for 5 min. After removing the stimulus, cells were left at
room temperature for 5, 10, 20 or 30 min, followed by
[*HINA secretion assay with high-K* solution for 5 min.

[*H] NA secretion
(% of total incorporation)

[*H] NA secretion
(% of total incorporation)

0 0 5 10 20 30 (min) 1] 0 5 10 20 30 (min)
—_ —_ —_—

+ ¥

aftor waghing
e Complex formation of PRIP-1 with PP1 and
c D SNAP-25 in PC12 cells: SNAP-25 is mainly localized

©) _SPRPRIPFSTA at the plasma membrane, while PP1 exists throughout

the cytosol in the cells, therefore PP1 needs to be
recruited to the site where SNAP-25 is localized in
order to function in exocytosis. To examine if PRIP
helps PP1 to be recruited to the site where SNAP-25 is
localized and exocytosis takes place, we performed a

*H] NA secretion

[
(% of I]ntal incorporation

[*H] NA secretion
(% of total incorporation

Tme © T, D 20 30 (mi 00 5 10 20 30 (min) i LT .
e 2,2 2 22 A L2 22 A™ co-immunoprecipitation  assay  using  PC12  cells
timulati . . .
smaten expressing PRIP-1. As shown in the figure, SNAP-25

formed complex with PRIP-1, PP1 and syntaxin (Fig. 4A); however, PP1 was only co-precipitated with
WT of PRIP-1, not with F97A (Fig. 4B). PC12 cells expressing either WT or T94A mutant of PRIP-1
were first treated with forskolin for 5 min to induce the phosphorylation of PRIP-1 probably along with
SNAP-25, followed by immunoprecipitation by anti-PRIP-1 antibody. As shown in Figure 4C, forskolin
treatment reduced the amount of PP1 immunoprecipitated with PRIP-1 from PC12 cells expressing WT,
but not cells expressing T94A of PRIP-1, despite a similar amount of SNAP-25. These results support our
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assumption that PRIP-1 recruits PP1 to SNAP-25 by the complex formation, probably along with
syntaxin.

A Input IP: GFP FIGURE 4. Interaction of PRIP-1, SNAP-25
WT F97ANone WT F97A None and PP1 in PC12 cells. (A) PC12 cells expressing

IB: anti-GFP [« - m FP-PRIP GFP alone (none) or GFP-PRIP-1 (WT) were

€ subjected to co-immunoprecipitation assay using

IB: anti-PP1 |---|ll ‘L IPP1 anti-SNAP25 antibody. (B) PC12 cells expressing
GFP (none), GFP-PRIP-1 (WT) or GFP-PRIP-1
(F97A) were subjected to
co-immunoprecipitation assay with anti-GFP
B WT To4A antibody using an Seize X protein A
Immunoprecipitation Kit. (C) PC12 cells
IP:control _PRIP_ expressing GFP-PRIP-1 (WT) or GFP-PRIP-1
- - 4+ - - 4+ FsK (T94A) were first stimulated to phosphorylate

|B: anti-PP{ | - - || - P1 PRIP-1 itself with FSK (50 puM) for 5 min,
o l l I ‘I- -IF followed by immunoprecipitation by anti-PRIP-1

IB: anti-GFP ::] :BE‘GFP-PR'P antibody (PRIP). The immunoprecipitates were
S—— AP-25|— ‘.--I |_ P -.|5N apps  analyzed by Western blotting.

IB: anti-SNAP-25 [ s e | [ BB | sNAP-25

IP:control  PRIP

Input
Input

EE

Collecting the data presented in this study, a model explaining that PRIP modulates the phospho-states of
SNAP-25 and exocytosis is shown in Figure 5. PRIP recruits PP1 and PP2A to the site where t-SNARE
proteins exist, but inhibits PP1 activity, probably with the aid of the PH and C2 domains (Fig. 5A). When
the intracellular cAMP level is elevated or PKC is activated by cellular stimulation, PKA and PKC
phosphorylate both SNAP-25 and PRIP. Following the phosphorylation of PRIP, PP1 is released to be
active near SNAP-25; thus, PP1 can dephosphorylate SNAP-25 effectively to abolish the effect (Fig. 5B).

FIGURE 5. Schematic representation of the role of PRIP in
phospho-dependent regulation of SNAP-25. (A) Basal
condition, and (B) PKA or PKC activated condition (see
DISCUSSION).

The current study showed the possible involvement of
PRIP in PKA and PKC-dependent phospho-modulation |

of regulatory exocytosis by regulating the location and B cAMP
activities of protein phosphatases, PP1 and PP2A, using ﬂ
PC12 cells expressing PRIP-1. To our knowledge, there %

have been few studies regarding the de-phosphorylation

(OFF) process of SNARE proteins for exocytosis €&

compared to those regarding the phosphorylation (ON) T VAMP-2 irl
process. For the first time, we here elucidated that PP1
is a major phosphatase responsible for the OFF process,
which is regulated by PRIP. Further studies are clearly
required using cells intrinsically expressing PRIP for a more physiological point of view. Other issues to
be addressed are the role of PP2A binding of PRIP and the regulation of catalytic activity in
phospho-dependent modulation of exocytosis, although the participation of PP2A appears to be reduced.
Furthermore, other proteins of exocytosis, including syntaxin as a substrate, have been reported to
participate in the phospho-dependent regulation of exocytosis (17,18). Whether PRIP modulates the
phospho-states of these proteins should also be investigated to better understand the mechanism of the
OFF process in the phospho-modulation of exocytosis.

SNAP-25
— —E-
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