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B FRPEFRERE (BNCT) 1RV E AW Z G LT B 208 ICERSE, S22 2 &
2L Vot & Li CBkEE &2 R A SEHUEIEN R 2152 1L TH Y | WEROIEFIEITIRIIMED & 5 23 ATk LT HE
NTEFEIRE LT OTZ MG TE D, RUFRLAEWDOFTH . p-boronophenylalanine (BPA)IX, =D 7 = =
NWT T = AEERD A CHEIRET L TS T I N7 AR —2 —LATI (2L 08k S, 23 AMa~E
AT BRI YEEREME Z 7 9 [Cancer Sci. 106, 279-286 (2015)], & HIZHVT Cld BPA L IXIE[F UANEIREZ /3 BF (&
fififl BPA (8F-BPA) 7% PET 2l & L TR &4, BPA BNEFR LT WAF O] (/=42 2]
HE& 720 | BIEIZH W T BPA 1R DERRIFZEDHED HIL T 5D, Lo L, BPA IZIRIC L E A Ml OB JRE %
HWKH LHERF CE RV E WS IEN H D, Z O 1B JRE O FRHMK TNIL, LAT1 2 AZHEA AR TH 57
DT, HIfESL D BPA JEEME T4 5 L MINO BPA A F 1 o st o7 2 VR E A S THRHEN T
LEHZENRERFINE 72> T % [Radiat. Res. 153, 173-180 (2000)], < DOfER., BPA #1EH L7-th. BE %
BN T BRI CB B) S CIRGTEAL 2 [ E & T D PR M T & FRET L TV SIS 9B R 3Rk 4
(AN L BNCT O RDMER L T L% 9, ZHEUZ, 23 AABIE T O 19B R EE 2 VEHR IS B L~ LR D72 01T
BRARANZIZBPE -2 IS L7228 5 BPA ZA0H T2 WO HiEb L onbd, Ll BREHPITEEDSNDILS
A D DIHIBR S 30 2 B M- BRI IC 3B W TR T AR 2 2208 L Clkie 32 2 S IXEIRANICA S TldZe vy, Ao
EHEDINN D EFBITINZ T, T 4 v 7RI 2 2 U AR OBR & 7= R 2 EE 32 2 & 3%
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&END, BNCT # £ VAL K SETWLIZIE, BPA ZEBNICEMMICE O 2 HIFRLE L ST b,
WEZEPH AR EE B 1L 2 O BPA OB RIS 25515 & LT, BPA & AEKEG MR 4T @ poly(vinyl
alcohol)(PVA) & /K TIRET 5 Z LI X VI X5 PVA-BPA &K Z B% L 7= [Sci. Adv. 6 (4) eaaz1722 (2020)],
PVA-BPA I LAT1 IZ@BIRICHES Lo, = R4 h—T 2 (LATI AfERl= > R A h—2 ) 1KV Hik
WIZED IAE N D, fEKD BPA X LAT1 41 L CTHIRVEICREAT T 5 728D LAT1 OAHikIZ & 0 s c e &
ALY, PVA-BPA (X RY—2A « U Y Y —NIZRTET 5728 LATL IZ K DM EH 2521512 < <722 0
DARBRNICERIICE EED L5125, £7o, MRNBUARKDNZE DS Z L1280 MR BGA B ER D)
SHEEEDLZLENRHALMNIT/RS>TWD, Invivo IZBWTEOEIIEETHY . b MEES ALK FIEREET L,
~ 7 ARG AR FIEETT VO™ T, %0 BPA X0 & @O IEEBERN & RYEEHREE2 R~ Lz, 20
BENTARNENE L —B T D8R & LT, BVhiE 2 B3 2 & PVA-BPA 15 FIESEE 7 /L% L CHied Tl
IR R A s LT, AWFEEECIX BPA ONEBSEFEME - ISR 4 & Ot R 2 m L9 2 im#Al & LT
@ PVA OWtE% il U, FERRRERERIZFE 3% PVA-BPA B O ZRET HZ L2 HNE LTz,
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KM D T — A Th % PVA-BPA OERICH =0 | EIEMERERR SISO RS FRIMHR O R LEE 2
T, FICTROBEEMRRT HZ EVNHEETH T,
PVA Oy &, TAMLEDRE(LPAMLETH ST,
PVA-BPA (X pH 9.2 PL E TR T AUTTEMEMEAME S . TEHRAE LTHERT 2 Z EBREETH -T2,
PVA & BPA DD FiE LS MLETH -7,
PVA-BPA O'ZEMEIZONWTIEXLT LS oIl BN TR -T2,

b MEENEAS AR R TR~ 7 2T VB W CHEBERNE - MR L ORES RS E N2 13y
Mo TN, TSSO MR AMIROIEEET VI L THATH 20 AHTH o7,
PLTFIZZENE N ORI KT DGR R 2 R~ 5,

<P 1>

PVA A —1— D] %1572 5 HARNENRE « TR H O FAM 2 M7 I £ e LAFIE A O 7o k5 R, PVA O F&
EF AR, HIRO TS L— RBXOERKZ L — RO PVA OFPHIZEV T, 244 PVA-BPA (ZHIFE L 7= #5
ERENE - WRAVER L OVAIEN RO LA FEHRTHZENTELZ LD THHZENWALNERY, FHEE Y ([CFRE
LIZOWTHRRT HZ LN TET,

<P 2-3>

PVA OWYPED i LA 58 T L7c#% ., PVA-BPA 23VESFHI & U T ATREZR pH7.8 LLF TRl CTE 5 L 912, #
LA sorbitol 2NNz 5 iExA L, £ OMBRORE{b A ED-FER, pH7.8 LT TilT 22 LR TE D
PVA-sorbitol-BPA B ZBAM S5 Z L ICEE LTz, £7-, pHI8 AT Tl CE 5 Z Lo/ &IT L0, #5
U AAETLD PVA DAKGIEDORGEZIET 5 Z & a[ge L 720 | RO EFK 7 L— R PVA 2L rraE 72 841k
FiEERH L, 52, ZOHBRMAIORG LD & 2 A, KICHIEMATRE/MLR E BLHT 2 & I2aEh
L. Bk 72 £ &2 e 2 7o R A7 2 EVEIZ B LTI PVA-sorbitol-BPA IR DIRIFZENEN 3 L b+l LR
TERWEAICIL, BATEE PVA OFVARKIAILE sorbitol-BPA IRIE DIRAT X 5 HIEHEIA O AT O 5l 2 15
HIZESTe, ZDOZEND, FE2 L3 ICHOWTHHEE Y TR+ 5 Z LT,

<ReEH 4>

PVA. PVA-BPA I J U PVA-sorbitol-BPA DZZEMEIZHOWTIL, # GBI 6 5 A2 A & R B AT 1
LV FHE1T o 72, PVA & sorbitol-BPA 1%, B TR G- SN 7-356 . BT ISBIZE S 72 - 7273, PVA-BPA,
PVA-sorbitol-BPA 3% 5 S N7-AIZB W T, — OV 7B TBIR~O AR BN Sz, LiL,
pH7.8 LL N CTali#l4 % Z & O T& % PVA-sorbitol-BPA |X, PVA-BPA & thife U TEME~OEBHABH TEZ 5 Z &0
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HOMNE o7, 2 LT, BlE~OAMIZEET 5 DIL, PVA X° BPA 72 & D PVA-sorbitol-BPA OfiFEfEY) Tix 7
< KR CHRA IR SN DEENIC L2 O TH L etz 28X ko, Tive MABKLIC L E YT
i~ DRF D ENTEZ, EAICOWVWTHZDOX I ICERICHEEEAHT Z L ITkTh Lz,
<P 5>
B S IOV TIT VR EORB ARG E L CHBEZED 500 %I T 2ERTHD THEETH -7,
BNCT ODERRIZHEED 2 LERFSEE OERKRE & BNCT DOIEFI D BRFE 21 5 R3O L REIWFEH & 28 2 CHET Citenm
Z Ha, PVA-sorbitol-BPA OIEFHHEMEDOF R Z R KITEH TE 2 01%, MNAFEOZMBIRNNLE L7025 L]
ESNDEENATHD EVIFERICE 72, ZHUTHES X b MR AR~ » 2E7 L% A3
ﬁ%ﬁ%f%%f% &L, TEBEERMERIN 24T - 72 & 2 A, PVA-sorbitol-BPA |3 BPA DO FEfEE %S 2~3 5 L
0. BN SR TEWZ ER BN E o7, £72. PVA-sorbitol-BPA (2 & % BNCT (3ifiAs AUMER IS
ﬁb(@htﬁﬁ%%%%b\ﬁ%@ﬁﬁ%%ﬁ%%hé:kﬁ%éhto

PLED X 9T, AXPEEZIT -2 I ERbE COMEEZ —S>T OFRITHR L, BPOHTH -3
B R GRBR SE M (A F 7o B 22 b2 2 L AN T &7, AW T, R TERTPAT 5 — A PVA-BPA %,
TS THID T BNCT HEEAIDERBEGIZAT 7 77—~ 4t EN THE—EBREN) ~ 0D 1R 23 ATRE 72 iUHT K
¥, £ L TCE% 1 DDS WHEICEE A AT 5 B LIRS U CHEMAbAE B Lotz i L 7=, Ak
FEZOWTE, R TERFOATLERDTFURT v 7T I N =V AT LOHIRLE AT T 7 7 —<thD A
TR =T MR AT HZ LITRY . RAITHERAR Sy ORI R B LA i 5 Z L A TE, PVA-
SMM%MA@ﬁ%%ﬁmf*kZ%%Lkoé%ﬁ%_l‘ﬂﬂﬁ%@%ﬁ?éBMﬁ®$¢%@ B9 % %n
AR 5HZ LI2LY, B FOBEBIZEV, & Ml AMIREFTEARE T L ~O I HTEEN: & & OTERR O
FEATH ZEMATRE L o7, T D OWFEBRSEIT, AR, BN L¥ERT. AT T 77—~ KT

DWTHNNRITTHERT D ENTERNSDTHY | ME—E T OREIMIERIELIT) 2N TELE N
5, TOFERL LT, BEFEOR Y BIEARCMOEAMT o — XL e L TH ., Wb TR RO & WA 2 B39 5

CEZH LT, TR EREEND Z EI2L Y BNCT O HAROEM MRS HIZEED Z EBNMif N5,

¥, ARFFEDOFEREIZISUNTIL, PVA-sorbitol-BPA DT A RIFTREAEE 7 /WA 5xt 3 2 2h SR 0D FE3iE % fefB Se S
ELTRHRIE L, TNUNEESNTH D ORARELE X O AN 2DV E OB 21T 5 2 & 03 ik B
BERT HDICHR BNFENTH o7, EEE. ZOIEF TS ZED 72720, BAIBREAL O3 DOV TIEIARNSE
HFNICBWTHERG ZED T2 DD, EEMRT REFHPEINTWVD E BB TND, AUFERTERE
HTHITE SR 2 WAHRALAED DFETH D,

Boron neutron capture therapy (BNCT) is a method of accumulating '°B in cancer by administering a boron compound and
irradiating it with thermal neutrons to generate o particles and Li recoil nuclei to obtain an antitumor effect, and is expected
to have an excellent therapeutic effect on cancers that are resistant to conventional treatment methods. Among boron
compounds, p-boronophenylalanine (BPA) shows excellent selective accumulation in cancer cells because its phenylalanine
structure is recognized by the amino acid transporter LAT1, which is overexpressed on many cancer cells [Cancer Sci. 106,
279-286 ( 2015)]. However, BPA has the problem of maintaining the intracellular '°’B concentration necessary for treatment
for only a short period of time. To solve this BPA problem, the principal investigators developed a PVA- BPA complex
constructed by mixing BPA and poly(vinyl alcohol) (PVA), a biocompatible polymer, in water [Sci. Adv. 6 (4) eaaz1722
(2020)]. PVA-BPA selectively binds to LAT1 and is then taken up into the cell by endocytosis (LAT1-mediated endocytosis).
Conventional BPA is easily excreted out of the cell by LAT1-mediated exchange transport, but PVA- BPA localizes to
endosomes and lysosomes, making it less susceptible to LAT1-mediated excretion and allowing it to remain in the cancer cell
for a long time. The purpose of this research project was to optimize the physical properties of PVA as an additive that

3



enhances BPA tumor accumulation and tumor retention and improves therapeutic efficacy, and to determine the specifications
of a PVA- BPA formulation for use in preclinical studies.

First, we comprehensively evaluated of the pharmacokinetics and therapeutic efficacy of PVA-BPA using commercially
available PVA, and clarified the physicochemical properties of PVA that could exert the expected effects.

Next, we investigated the addition of sorbitol, a solubilizing agent, to PVA-BPA so that it could be prepared at a pH of 7.8
or lower, which would allow it to be used as an injection drug, and optimized its composition. As a result, we succeeded in
developing a PVA-sorbitol-BPA formulation that can be prepared at pH 7.8 or lower. The formulation also eliminated the
concern about hydrolysis of partially saponified PVA. Furthermore, we also studied its lyophilized formulation, and succeeded
in finding a composition that can be redissolved in water.

The adverse events of PVA, PVA-BPA, and PVA-sorbitol-BPA were investigated by biochemical and pathological analyses
on mice. When PVA-BPA was administered, toxicity findings on kidney were observed in some samples. However, PVA-
sorbitol-BPA, which can be prepared at pH <7.8 could reduce such unfavorable effects. We also found the possibility that the
effects on the kidney were not due to dissociated products of PVA-sorbitol-BPA, such as PVA and BPA, but to aggregates that
might be gradually formed in aqueous solution. This indicated that the evaluation of such physicochemical properties may be
important in formulation standardization.

The advantage of tumor retention of PVA-sorbitol-BPA was expected to be efficiently utilized in deep cancers such as
lung cancer, which requires multiple-port irradiation. Thus, we evaluated biodistribution and BNCT effects using an mouse
model in which human lung cancer cells were orthotopically transplanted. PVA-sorbitol-BPA exceeded the accumulation of
BPA by 2 to 3 times and showed extremely high intra-tumor retention. In addition, BNCT with PVA-sorbitol-BPA showed
drastic therapeutic effects, thereby demonstrating remarkable life-prolonging effects.

As described above, we steadily solved the issues for practical application, succeeding in development of a formulation
for possible practical application. The formulation exerted extremely high therapeutic efficacy compared to existing boron
agents. Its practical application will augment the superiority of BNCT in Japan.

Meanwhile, the formulation standardization still requires improvement. We are planning to do further research and

development for this purpose after this project.
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BNCT ARBEETH D AT A =Pzt LT PVA 200 L 7= A% xE (PVA-sorbitol-BPA) (295 Z &2 LV #Hr
Bi72 BNCT 52 b T 2 "aetha R L7 Z LIE@m <Kl C & 2, ZOFHBANC L0 1B ONESEREM: - #
Bz m LS e TEIMEE D, AT Ar =Yg R P ORGiR G- A BT E 5 Z L IR S L
Al

—J7. PVA-sorbitol-BPA |[ZIZEHKM & L TOMMIEE THDH MC ITB W TABMFT T N EEEL KL T\ D,
AENTARFHEL D HETH DA, DOk & Z0oWtEE L CORBLZEN 2R ENEETH D,

TAFIT LA¥EL ORBEITRBEICER SN TEY ., BNCT & L CHEMIEZHERT2 2 LN s n 5,



