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Fig. 1. Properties of recombinant LTe. mutants. (A) SDS-PAGE analysis of wtLTo and LTo mutants. All products were separated on an SDS-PAGE gel and visualized by means
of Coomassie Brilliant Blue staining. Marker indicates molecular weight standards. (B) Chromatograms of purified wtLTo and LTo. mutants. wtLTo, or LTo. mutants were loaded
onto a size-exclusion column and eluted at 1.0 mL/min. (C) The electrostatic potential surface was generated by using GRASP software. Red and blue indicate negative and
positive electrostatic potentials, respectively. The electrostatic potential ranged from —7.5 KT (bright blue) to 7.5 kT (bright red). The relative accessible surface areas were

calculated by using JOY software.
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Fig. 2. TNFR1-mediated cytotoxic activity of wtLTe and LTer mutants. (A) HEp-2
cells were incubated with wtLTa or LTo. mutants in the presence of cycloheximide.
After 18 h incubation, cell viability was assessed by methylene blue assay. (B) HEp-
2 cells were treated with serially-diluted MAB225, an anti-TNFR1 neutralizing
antibody, for 30 min. The cells were then incubated with 100 ng/mL wtLTa. or LTo
mutants in the presence of cycloheximide. After 18 h incubation, the cell viability
was assessed by methylene blue assay. (C) HT29.14S cells and (D) MCF-7 cells were
incubated with wtLTo. or LTo mutants in the presence of IFNy. After 72h
incubation, the cell viability was assessed by WST-8 assay. EC30 and EC50 are the
concentrations of LTa required for 30% and 50% inhibition of cell viability,
respectively. Each value represents the mean = SD (n=4).

activities of mutLTos in two other cell types (Fig. 2C and D, Table 2).
When compared with wtLTo, the LTo mutants exhibited
8-24 times the cytotoxicity in HT29.14S cells, and 16-34 times
the cytotoxicity in MCF-7 cells (Fig. 2C and D, Table 2). To specifi-
cally evaluate the TNFR2-mediated bioactivity of the LToe mutants,
we examined the levels of cytotoxity induced by LTo. mutants in

hTNFR2/mFas-PA cells. These cells have been engineered to exhibit
hTNFR2- but not hTNFR1-mediated activities [14]. The human
TNFR2-mediated bioactivities of LTo. mutants were 2.2-4.1 times
those of wtLTol in hTNFR2/mFas-PA cells (Fig. 3). The calculated ra-
tios of TNFR1-mediated bioactivity by using HEp-2 cells/TNFR2-
mediated bioactivity induced by mutLT1, mutLT2, and mutLT3
were 7.8, 3.2, and 1.9 times that of wtLTa, respectively. This result
suggests that LTo mutants, especially mutLT1, have selectivity for
TNFR1 in addition to their augmented bioactivity.

Next, to measure the binding affinity of LTo. mutants to TNFRs,
we performed an SPR analysis by using a BlAcore 2000 biosensor
(Table 3). The binding affinities of mutLT1, mutLT2 and mutLT3
to TNFR1 were 2.7, 2.0, and 1.4 times those of wtLTa, respectively.
We considered that the increased affinity of LTat mutant for TNFR1
might be related to the enhanced bioactivity through this receptor.
In particular, kg values for LTo. mutants binding to TNFR1 were
39-57% of the value for wtLTa, whereas the ko, values for LTot mu-
tants binding to TNFR1 were almost the same as that for wtLTo.
These results suggest that TNFR1 interacts more strongly with
the LTo, mutants than wtLTor due to slow dissociation kinetics,
and that this binding mode between LTo. mutant and TNFR1 in-
duces a potent signaling pathway. We then evaluated the affinity
of the LTo. mutants for TNFR2 by using SPR methodology (Table
4). The affinity of TNFR2 for LTor mutants was 1.5-2.1 times that
for wtLTo due to fast association kinetics. Taken together, these re-
sults indicate that the binding modes of LTa. mutants to TNFR1 and
TNFR2 might dictate their bioactivity.

We previously demonstrated that Lys84 in LTo plays a crucial
role in the protein’s interaction with the main chain of TNFR1
[12]. Therefore, to investigate the importance of the amino acid se-
quence at position 84, we created LTo mutants with Lys84 re-
placed by Ser84 (K84S), Thr84 (K84T), or Ala84 (K84A), and
evaluated their binding kinetics and bioactivities via TNFR1. We
found that these point mutants exhibited a slower dissociation rate
and increased bioactivity via TNFR1 when compared with wtLTar.
K84S showed especially high bioactivity even though its affinity
for TNFR1 was lower than that of wtLTo (Table 5).

3.3. Activation of caspases by LTo. mutant

It is known that TNFR1-mediated cell death is regulated by
the activities of caspases including caspase-3, -7, and -8 [17].
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Table 2

The TNFR1-mediated bioactivities of wtLTa and LTo. mutants. EC30 and EC50 were calculated from the cytotoxic activity of wtLTo and LTo mutants against HEp-2, HT29.14S and
MCF-7 cells. Relative activity values were calculated as EC30 (wtLTa)/EC30 (LToe mutant) or EC50 (wtLTo)/EC50 (LT, mutant).

HEp-2 cells HT29.14S cells MCF-7 cells
EC30 (ng/mL) Relative activity EC50 (ng/mL) Relative activity EC50 (ng/mL) Relative activity
witLTa 47.7 1.0 1.80 1.0 36.7 1.0
mutLT1 1.5 31.8 0.08 236 141 33.7
mutLT2 6.8 7.0 0.21 8.5 2.3 16.0
mutLT3 7.8 6.1 0.13 14.2 2.3 16.0
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Fig. 3. TNFR2-mediated cytotoxic activities of wtLTo and LTor mutants. hTNFR2/
mFas-PA cells were incubated with serial dilutions of wtLTo. or LTt mutants in the
presence of cycloheximide. After 48 h incubation, cell viability was assessed by
methylene blue assay. EC30 is the concentration of LT« required for 30% inhibition
of cell viability. Each value represents the mean = SD (n=4).

Table 3

The binding kinetics of interactions between LTo mutants and hTNFR1 analyzed by
using an SPR biosensor. Ky, is the association kinetic constant; k. is the dissociation
Kkinetic constant; and Kp is the equilibrium dissociation constant. Relative affinity
values were calculated as 100 x Kp (WtLTa)/Kp (LToe mutant).

kon (10%/ kot (1074 Kp (107'°/  Relative affinity (% vs
Ms) s) M) witLTor)

wtlToe 1.2 6.1 49 100

mutlT1 1.3 24 18 269

mutlT2 1.4 35 25 195

mutlLT3 0.97 34 34 143

Therefore, to examine the mechanism behind the augmentation of
TNFR1-mediated bioactivity, we investigated the association be-
tween caspase activity and LTo. mutant-induced cell death. First,
we treated cells with LToo mutants in the presence of a broad
caspase inhibitor, zVAD-fmk, and analyzed the cell viability
(Fig. 4A). The results showed that zZVAD-fmk almost completely
abrogated the cytotoxicity induced by wtLTa and LTor mutants.
These results indicate that both wild-type and LToe mutant-induced
cell death were dependent on the activation of caspase. We then
examined the activity of caspase-3/7 (Fig. 4B) and -8 (Fig. 4C) in-
duced by LTo. mutants in HEp-2 cells. LToe mutants, especially

Table 4

Binding kinetics of interactions between LTo. mutants and hTNFR2 were analyzed by
using an SPR biosensor. ko, is the association kinetic constant; k. is the dissociation
kinetic constant; and Kp is the equilibrium dissociation constant. Relative affinity
values were calculated as 100 x Kp (WtLTo)/Kp (LToe mutant).

kon (108/ kot (107%  Kp (107'°/  Relative affinity (% vs
Ms) s) M) WtLTot)

wilTo, 2.8 23.5 8.3 100

mutLT1 4.7 25.0 5.4 154

mutlT2 6.2 24.0 39 213

mutlT3 4.5 253 56 148

mutLT1, which has the highest bioactivity, quickly and strongly in-
duced the activation of caspases. These results suggest that stabil-
ization of the LTor -TNFR1 complex by the presence of LTo. mutant
contributed to increased caspase activity, which in turn induced
cytotoxic effects.

3.4. Activation of NFkB by LTa. mutants

It is well known that TNFR1 activates NFkB signaling pathway
in addition to the caspase cascade [18,19]. Therefore, to investigate
whether the LTa mutants activate NFkB, we assessed the associa-
tion between NFkB activity and LTa mutant-induced cell death.
First, we prepared cells transfected with luciferase expressing vec-
tor activated by NFkB. Then, we treated cells with LTa mutants and
analyzed the NFxB activity by measuring the expression level of
luciferase (Fig. 5). Despite the higher TNFR1-mediated bioactivity
of LTo mutants, we found that NFkB activity was induced to a sim-
ilar extent by LTo. mutants and wtLTo. This finding indicates that
the LTo mutants selectively activate the caspase cascade but not
NFxB activation via TNFR1.

4. Discussion

When constructing a LTo. mutant as an anti-cancer agent, it is
important that the mutant exhibits TNFR1 selectivity because of
the lethal side-effects of TNFR2-mediated bioactivity. We previ-
ously created a LToe mutant (R1selLT), which had only 2.5% of the
TNFR2-mediated bioactivity of wtLToe and 3.5 times of the
TNFR1-mediated bioactivity of wtLTo [12]. The ratio of TNFR1/
TNFR2 bioactivity of R1selLT was 145.8 times that of wtLTo. In
addition to TNFR1 selectivity, augmentation of TNFR1-mediated
bioactivity is also highly desirable in a therapeutic agent for cancer.
Here, we created three lysine-deficient LTo. mutants with greatly
increased levels of TNFR1-mediated bioactivity through an altered
binding mode. These mutants showed preferentially augmented
bioactivity via TNFR1 compared with TNFR2. The TNFR1 selectivity
of mutLT1, 2, and 3 was 7.8, 3.2, and 1.9times that of wtLTa,
respectively. Although the TNFR1 selectivity was lower for mutLT1
than for R1selLT, the TNFR1-mediated bioactivity of mutLT1 was
31.8 times that of wtLTa compared to 3.5 times of R1selLT. Such
extreme augmentation of bioactivity is rarely reported. As
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Table 5

Binding kinetics of interactions between point-mutated LTas and hTNFR1 were analyzed by using an SPR biosensor. ko, is the association kinetic constant; ko is the dissociation
kinetic constant; and Kp is the equilibrium dissociation constant. Relative affinity values were calculated as 100 x Kp (WtLTa)/Kp (point mutated LTor). TNFR1-mediated relative
activities of LTo, mutants were calculated from the concentration of LTo. required for 30% inhibition of HEp-2 cell viability.

kon (10%/M s) kosr (1074/s) Kp (1071°/M) Relative affinity (% vs wtLTor) Relative activity(% vs wtLTor)
WtLTo. 12 6.1 49 100 100
K84S 0.28 22 8.0 62 4810
K84T 1.0 43 118 195 1100
K84A 15 53 35 143 910
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Fig. 4. Caspase activities in HEp-2 cells treated with wtLTo. or LTo: mutants. (A) Cycloheximide treated HEp-2 cells were incubated with wtLTo or LTo. mutants in the presence
of zVAD-fmk. After 18 h incubation, cell viability was assessed by methylene blue assay. (B and C) Cycloheximide treated HEp-2 cells were incubated for 6, 12, or 18 h with
10 ng/mL LTas, and the activities of intracellular caspase-3/7 (B) and intracellular caspase-8 (C) were measured by using Caspase-Glo assays. Each value represents the

mean = SD (n=4).
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Fig. 5. NFkB activities in HEp-2 cells treated with wtLTo or LTo. mutants. HEp-2
cells were co-transfected with pGL4.32 and pRL-TK (Promega). Eighteen hours after
transfection, the cells were treated with 10 ng/mL LTas for the indicated period. The
intracellular luciferase activity was then quantified. Data are shown as the relative
NFkB activity compared with the mock-transfected group. Each bar represents the
mean +SD (n=4).

described above, high TNFR1 selectivity of R1selLT was mainly re-
sulted from the significant decreased TNFR2-mediated bioactivity.
On the other hand, the TNFR1 selectivity of mutLT1 was obtained
from the augmented TNFR1-mediated bioactivity, while TNFR2-
mediated bioactivity was maintained. On this point, TNFR2 is
known to play essential role for the induction of immune re-
sponses. Therefore, we consider that a TNFR1-selective LToe mu-
tants with high TNFR1-mediated and equivalent TNFR2-mediated
bioactivity compared to wtLTa, such as mutLT1, would be a
superior candidate for cancer therapy by combination of direct
pro-apoptotic effects of LTat on tumor cells and an enhancement
of local/systemic immunity.

Many cellular signaling processes are hypothesized to depend
not only on the equilibrium strength of the ligand-receptor inter-
actions but also on the average durations or kinetic dissociation
rates of these interactions [20-23]. In some cases, the intensity
of distal signaling depends on the off-rate rather than on the on-
rate of the ligand-receptor complex [20,22]. For interactions with
TNFR1, the LTo mutants exhibited higher k. values compared
with the value for wtLTo, whereas the ko, values for the LTo, mu-
tants were almost same as that for wtLTo. In addition, the bioactiv-
ity of wtLTa and LTa mutants was related to kog but not to k.
These data suggest that the LTa. mutants interact with TNFR1 by
slow dissociation and induce robust signal transduction. In con-
trast, for interactions with TNFR2, the LTo. mutants showed a high-
er ko, than that for wtLTo, whereas the ko values for the LTo
mutants was almost same as that for wtLTo. These data indicate
that the detailed molecular dissection of ligand-receptor binding
kinetics is important for the construction of functional LTo mu-
tants with desired TNFR-mediated bioactivity.

We previously demonstrated that Lys84 of LTa plays a crucial
role in the protein’s interaction with the main chain of TNFR1
[12]. Here, to explore the role of Lys84 further, we created LTa mu-
tants with Lys84 replaced by Ser84 or Thr84, and found that the
mutant with Ser84 showed slower dissociation kinetics and in-
creased bioactivity when compared with wtLTo or the other mu-
tants (Table 5). These results suggest that Lys84 contributes to
the TNFR1-mediated bioactivity and the binding kinetics of the
TNFR1-LTa interaction. In all three mutants analyzed here, the
amino acid Lys at position 28 was changed to GIn (Table 1).
Whereas these mutants exhibited increased TNFR1-mediated bio-
activity, our previous data showed that a mutant with a K28Q sub-
stitution had decreased TNFR1-mediated bioactivity compared
with that of wtLTo. Furthermore, mutLT2, which has the Lys at po-
sition 39 replaced by Ser, showed slightly increased TNFR2-medi-
ated bioactivity, but a mutant containing the equivalent
substitution at the same position showed decreased TNFR2-medi-
ated bioactivity in our previous study [12]. These results suggest
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that the sum of the mutations, including those at positions 28 and
39, were responsible for the augmented binding affinities to TNFR1
and TNFR2.

TNFR1 triggers apoptotic caspase signaling following activation
of Fas-associated protein with death domain (FADD) [17]. At the
same time, triggering of TNFR1 signals induces the anti-apoptotic
NFkB cascade following the activation of TNF receptor-associated
death domain (TRADD) and TNF receptor-associated factor (TRAF)
adaptors [18,19,24]. Active NFxB induces transcription of a set of
genes encoding anti-apoptotic proteins [25,26]. Therefore, in many
cell types, TNF o has no apoptotic effects due to the parallel trig-
gering by TNF a of a signaling pathway that activates NFkB via
the TRADD and TRAF adaptors. Here, however, we found that the
LTo mutants, which showed augmented bioactivity via TNFR1, effi-
ciently induced caspase activation but induced NFkB to the same
level as that induced by wtLTa (Figs. 4 and 5). We consider that
the slower rate of dissociation of the LTa mutants from TNFR1
was important to the activation of FADD signaling cascade, but
not to the activation of TRADD and TRAF adaptors. We speculate
that the alteration of the binding mode of LTo. mutant to TNFR1
increased the caspase signaling pathway, but not TRADD- and
TRAF-mediated NFkB signaling. These findings will facilitate the
construction of functional LToe mutants with even higher receptor
selectivity and bioactivity in the future.

5. Conclusions

Here, we created highly bioactive LTo mutants with TNFR1-
selectivity by using a phage display technique, and we clarified
the molecular basis of their augmented TNFR1-mediated bioactiv-
ity. A better understanding of the correlation between structure,
kinetic behavior, and activity will likely accelerate drug discovery
because it will increase awareness of the properties of therapeutic
proteins. We suggest that LTa mutants have the potential to be a
powerful tool for cancer therapy by combination of direct pro-
apoptotic effects of LTo on tumor cells and an enhancement of lo-
cal/systemic immunity, and that our findings provide valuable
information for the construction of even more functional LTo
mutants.
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WTBHD CEEZREZEI bDLEZLNL, #
CTARRBTIZ, BEOPINTFTCICEHLCALE
BINE s — 77 14 ¥ ZHERICB VT, MENICEI=
BYIZEL D A E N AR AR ASUE | o RERg NS %
EXv )T ELTORRBICER RS T, TOHEE
POERBRICEL I TO, EESLORFOMREE
BT 5o

MESNEHFERECES TS
EBEmNE2—45T1>7

WARETIX, EELZEAESRTCEHEIV RGN
HWIEFEIEATHL I DS, ZOMEE
WEE LESMETARER, HrbEE &

NT &7V (R2). MIESME AL, B0
FAEMEDFKEHEES B VIIHEIC L o T, BEA
DOREMBZEMLLIETEIDOTH), BREK
DIZ L BRI IEEZR. 5121, &7 FT
HHDVOZNHEEREEICZ L WIAERTE 2
BHIENNFETELZ LR Y, PAMBESZ
ERy L L7BEEC 2 WHARELTWw Y,

COMEEMEFAERETIE. MEFEICE
BLoRE ) MRS, E N E MR EE R
FiVEGFV® < M) v 22y ursus7—+¥;
MMP™ 7% E OfgE% HE (PR $T5 2 212 L - T,
FEE O IMEFTAE 2 HH T 2 AADEITHIZED BN
T&720 BE, VEGFIZRNTAE/ 7 u—F Vi
KEE T 5 bevacizumab'? 1Z. FDA » L%
KA - EBEIENIRMASA - Her2 &R
HEABANOEEEZZITTEBY) . FUEEMEFTER
FIIMEA VASAREICKT § 5 2 = /N — L 2 I
ELTEDOHANEHELLDDOH L. L LEHE,
VEGF % MMP 7% & O &K DEE MR ICLAD
BHERAFZENE L7HAe. EFHOREDOGIC
I BMERAPRE SN TE Y, AFOHMETAEE
FEICBITAHEE 2> TV B,

— AT, MEFLEHEREICIE. LEOWMHE

Antibody-Drug Conjugate (ADC)DZExhFIR
1. EMRFICHTRRENES (Z—FTT17)

2. MR O RN LREYXE

<=

s AR BN i

R | , ) |

1 ADC OEDRR
I FH A b= ATHYAFNA ADC 13, MBEP/NEESEEEIC X o CER S, FRAIHIRE i S W BHIAHEET 2 Z & TEYZ RHET 5,
IO, HIRERY— I —FHIIF ST T BT TR, MRS EY S RESNL LD EREE 25,
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MEFHED
REE
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FEZ mE D
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MmERHR

MAFER
rE

EZED
R

>

M2 HESNEHFEREOHER

TEHEE DA FEGIZIEI [ 2T 5,

K7 %2R & L7ziEHEE &35, B o mE R
B RE CHFAAT A ~— 75— (Tumor endothelial
markers; TEMs) #88& 45 2 & T, EEME
RHIEDLVIZERML LD T rEAEEME
§—TT4 v P)BEET LY. ZORETIE, £
FIERT A MMERF 2 EN L T 5B 0GR EE L
ZEZY, BEMEICOARKHT S TEMs 2 1EH
ETHI LT, EFUORMERATBERTE ALV
Ay M Hb, T, EEMENRMERLYENE
T57:0, IFEEDAL LT, BEEES) R
V—Ah, F/EELZEDE L DDS EESFHTE
LPELEETHLY, COBBENES—F T4 07
THEETREAIZ, ENER LTI —HFTOEE
ML COFEED. TORMEARBICERTH5ZLT
HY, =" —FFOEAITEFMERFEN]TH
HIENHERL, BE VEGFOL T ¥ —T
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T Tl B % Hck T 2 AN DR EHAF O 720, MATHED A TH o TOMATHEZ NG HDvid, MY 28T 5 2 &0 X o T i~
FAMERR 2 15T 2 AUE, ISR Z I 5 2 A% fes 250 7o, MSMATICIZIEGMIY < — % — (TEMs) OFFEAHI 5L, o ZEMIZL

&% VEGFR2VI3. 20 &9 RIEEMEE 5 — 7 7 4
YT BWIRLFHINTVWEY—F—TH 5 D
OO ZOEFME TORESHER YY),
IV EFENEICHEEEDOREV TEMs 2Bl E L7z
BRMES -7 71 Y 7 OLEEFFHRINLTY
515)0

Roundabout homolog 4 (Robo4) i&, && 5 2%
BH42 TEM @129 Th b, BHEMENEMEE
TORENGZEAIPREINTVIHFTHEY,
Robo4 1&, MEFEVEA ZBEIBO A ICEHE S
N2 ECRREY. BB, BEEY 2 LomEN
BAifE EICBRERICERT A 2 &b N T WA,
EELOFERFFEE L. Z D Robod O & PR
FuZE CTO%EI %, Robod 7O E—F —#HH 5
VATV 2Z v IR T AL o THELTWBEEY,
Robo4 DAEFRZENL, WELRALZ SIZL KRS



nNTwsynn, VEGF-VEGFR v 7+ 1) v 7%
HREITH LT, MEFEAXY MIEDLLLDLE
EnTWnaE,

PLED X 912, Robod iZ. BIATIRIZEAERS
L WIMEFERMLICBRE L TCEIATL2HFTH 5
TENDL, BURENCTEENEICEET S TEM
ThorbDLEfFENL, LEoEROD L, FE
5 OHFE 7 )V — &, D Robod #BHIGF & L.
FRB I ~ZIZEAIZEL Y 32 F 1 A [T Robod HMIRZPIE
AFUE % BB+ 2 2 L ©, EEEBA~ORIER %
wME L7z, FHROBENEY — 771 » 7 95ER
TELdDEEZT

1 Robo4 IR AFEDOEEEICHE T T

BEMESY -7 74 v 7I2BWT, ADC%EU
DET LN EZERE TS DDS B#RICEELE
B, w0 LBy, OFEEMERENZ~Y—5—
EENELTWAZ L, 351, OEYEREL
CHIFARANE HEETEBLZE, Thrb, COH, E
BMENOEENR Y —7 74 v 7ReE. MR~
DY K EREE B DEED. Hl Robod MEE A
PURZ, BEMESY -7 74 v 2BV TRDTH
Ay —neiWi§d, L2LesInE T, M
FANE AP % BRI BBES 2 HEITFEE 3.
INNFADCRII LD ETAMBALENLTIE
BEROBBIIBITL, 120K M Ay 2 EEoT
AVAN

NATY) F=<FERIFILDET L, @BEOE/ 7
O — F VIR OEEE COMBBNB AR OBER T
&, B L'/ 2 a— FIVBEOMRNE ATEE
FOEDDEDOBEBTAZELATELRV, 20K
ETIR, SREEH - FHEETLOALLT. £
DFERITBEIZREEAINTLE )o FDD,
B, MBEANRATEOBBRY 2R 7YY —= 0 7k
ELT, BHEIDOEHELZETL 77— THET
477 EEMECRINL. MENICEBALL
T =V DOHREWREIRT S LT, MBHEAPIEE
RWEES LI HAPRESINLT, L Les
by RFETIE, OFGEIRR 7 7 =V BMIHEE L
THIFBAIZEL D A F N7 TH 5 7207 T4

(. QB ONBRMEYIZ, [R) 7 0—F )V ]%
77 —VERTHY ., ZohhSMBAREANEE
BEEFET 513, REVEAO 70— OMIEA
BAFEREZ O EDVDEOEBERIT RO 2V, o
T DX %77 —VHMET A 77 »oflillai
BATEZ RN RN T 72D, wWilo LT
[E/ 7 0—FVIHAOHBARAEEY., fHE)
ONA AN =Ty MIEHMET AP HEETH - 72,

PSIF 2 F A U £ RARARGOMRNRRE

MEREROEREEE Y 77 A~ 1 PSIF i,
IR b= RICEVHIRANERAT S,
WATE AR 1 X o TRIEMICHBLE ~ & i &
n., EOEEBICLEOERRTF 2(EF2) 2 NFEAL
THZLICE Y MGERSIERITY, PSIF 3.
M E P AA V2 RELTWADIZ, BHTIX
MG ELZ RS2V, RALIOH A NIZE-T
O E/-UHIBBANER Y AT ND &, BDTHE %
B E SET 2%, CoMBERFALLE
ru—F Pk OBAEEAE(M L PX V)
i, O A R IR, BOohDA L M EY
IR BB 5% —F . 2 O PSIF i3,
& OrEEREOIMBEAEAEME] %[ Lt
EV ) RHARCHEICTHE T RE R MmN 2y — vk
bo INFTIEZESD Y V— 7 Tid, PSIF %4l
FARAT 7T F(PTD) L oA L L TRBE
HELENLBHSE, 20 LEZAV-HREE
HRBEIT) LT HE DD PTD ER KO F 2
b b BB ATEEICENS PTD # —FICA 2
VoV I TELIEERLTWAY,

UEoEEPL, EE S, PSIF 2 ENEA
PUEOBEREIIEATHI LT, HAEZ D10
E/ 70— F VIEOHMBEREAEEX b r—E
DORERTEAMTTEE 2 . MBNEATADOREN R &
V-2 IEEREEL(E3). RET 7 — VHE
475 #EMEHE (PUR) TREOHR. Boh
ARBEoOU=Z -2y 27y YA ETHREA
ra—rxx/rua—sbTh, TNEFRDOKRE
HWoo—rhbid, L PSIF ORARITEA S
. FiE#EAME% ELISA T, #MIaRE IS LM
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scFVBIEFS A TS UDIBE
BB ABERRIE(E FIEIRE TTIC LTZPCR(VL, VHOIETE)

74 // -~
i T~ VL [a]
Y < o <
' P Assembly PCR \
VEGFR2 or Robod ! J I EF > ~ i = }G4IS! Vl;l | | ; ]
ERET2AMR T 2O R - p— 0 E
scFBIEFSAIOSU ‘ IV
— VEGFR2 or Robod Sl J 7 =<
e RESATSYU | —— )
input 747 bl : __-' P N e A :
sty ¥
LT gene 3}

\ I/

., A8

/ 2day/eycle —g . } phagemnd vector

VEGFRZ of Robod X4 s s,
25 f
R \\ BETIED Outputi{7" 39 ¥
“:':/‘"“; ~ omE i/ © isE(TeL)
Y \x\/ Hf’é‘éf:}ﬁ

¥

967XTL—hET
®/o0->1t ScFV-PSIF

é

EREIO—->
DRESAITSY

BERLBEPCPSIFMISEREERS

SCFV-PSIF ' '
t g B

PSIF ﬂﬂ;m*sx;e 96well format
HARKEBRETF -y
; WERISBALLEOS | 2. %&E@P‘}{%?\iﬁﬁ
| REELERT (EmiE=Eatag)
96well format

96well f&rﬁaf | A EBAFE
250 (T AP G HlEEEE
{;}% ti PSIF-HRP »m SR LT

, BAEARG
£y  ORIU—=

F

VEGFR2 or . g ;, < >

VECFROB ISR DRI U= ANV 4 "

PSTF i3, MIRAIZIRY AT 5 2 & Ty RMRE 2 BT 2 EMH TH 245
LHUR & DOREA R,

3 PSIF £ VW HREARARGOVERNZ I Y -2 Tk

AAEAHCHL D A ENZBRIC O AMIBEE EZRIET 5720, MRGELHEEICLARAZ ) —= 0 710k o T,

WHERTEEDOY— VLR D,
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A ENRBRTRIET A 2 & T, BEICHIANE
ANEEZET A0V 2 RWET I TE S,
RIFEH %, BEME ~— 75 — Robo4. VEGFR2
~EA L 72 #E Tid. & 300 FEEH O HL Robod. 1
VEGFRZ ik DR N EATEEE — 2 IR BR L.
#E R L L THI Robod MR AFUAE (R4-131) ., #1
VEGFR2 #ifa AR A (V2-050) 2 FET 5 2 &
ZERSH LTWaT, REFERIE. B2 0— v o
BT Uk, ML R A MRl (B R B R
TU—HA MR N =R E)RLELET, HME
EURB L V) VU TR R THAOMENE NG
WHEAI ) -V T TEL L) EEN LA EEE
LTBY, TNETADCZEDRETHEL o
TWCHBENEATEOFRFERE L K E < INETE
REBREE 2 VEL O LIS NS,

il Robo4 #MfEARR ASLIE D

8 & 1791 Robo4 AHAZ & AFLMR (R4-131) D ¥
HE BT 572012, FE SIE. —REPUEK (scFv).
T B b—REHE (dscFy) . EE&BPIEIgG) D 3
BoO7+—<v  VOE 70— F VAL ERL
oo BOGKE L /- £TEHUIR % Robod ZEMM I
ML, A r¥Fax—3 a3 % MBRREOIEST
PLYTYOTHEALTAZ EICE o T, HIlBAICE
ALZHEOAZ 7O =% 4 P XA M) — 2L EF
fliL7ze DR WThOFHE7+—< v MC
BWThH, MIBREEICEA L EOK 0% BE
A5, 8 ERRILAPNICHIAIPICEL Y AN b 2 L 0SB S
e o727, ZOMBRNOBITHERIZ, §TIC

A B
anti-Robo4s /2 h anti-VEGFR2s /2 h
20 20
B R4-13i [dscFv] ok W V2-05i [dscFv]
7" R4-16 [dscFv] R ™ V2-02 [dscFv]
15 anti-His [dscFv] 15 | [ anti-His [dscFv]
8 ]
=
210 fo | 210 i
o e o i
R | R
5 1 5 |
- | ]
0 3 3 i1 ¢ 0 = = i
Tu Li Ki Sp Lu He Br BI Tu Li Ki Sp Lu He B8Br B8l
Tissue Tissue
C D
anti-Robods / 24 h anti-VEGFR2s / 24 h
2.0 — 2.0
[ B R4-13i [dscFv] W V2-05i [dscFv]
7 R4-16 [dscFv] bl 7} V2-02 [dscFv]
o 15 I anti-His [dscFv] g 15 . anti-His [dscFv]
g 8
EXTY| B o
=) =
] : R
Tu L Ki Sp Lu He Br B8l Tu L Ki Sp Lu He Br Bl
Tissue Tissue

X4 #tRobo4. # VEGFR2 MRAREARKOEFRN %
BI6BL6 5T v 7 Z42af L. PLTI 0L L7z dseFv 2475 Ly 217 (A, B). 24 BEIN#(C, D) ICAIERZ ML L, BTy 7 v 5 —12
L DHlIE L7s %ID/g tissue = #H 1 gH/VOI T b BELABEIY Y b x 100, Tu: EE. Li: IThE. Ki: B0, Sp: B, Lu: §fi, Br: B,
Bl : Mile R4-13i: HL Robo4 HIMEPAE AHLIE. R4-16 © Hil Robod K AHLIK, V2-051 : HT VEGFR2 Mg AHLMR. V2-02  HT VEGFR2 K2 AHik,
anti-His : 2454 73~ » 0— VHifk, This research was originally published in Blood. Mukai Y. et al. Robo4 is an effective tumor endothelial marker
for antibody-drug conjugates based on the rapid isolation of the anti-Robo4 cell-internalizing antibody. Blood. 2013;121(14):2804-13. © the American

Society of Hematology.
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ADC & LTk &7z gemtuzumab ozogamicin.
T-DMI1 & RFRETH H*¥, 186 n72# Robod
BREATER. Pik0 7 3 —< v MIKEET,
EREICHENICHR Y ATFNE S FTHDL Z & HH
L& ol

WIZ. PT Robod ML E A (R4-131) DA
GAiE . PTTTNWALL 7z dscFy %, B16BL6 ¥
ARG ) —IBHEEF VT A BERAES T
52 ETEMLAY. AEBTIE. R&-I3IERL
PUE (Robod) # i L. oRE0HMEL AT 5
OO, MENBAEEZIZEALE 2V
WAKER AFLA  R4-16. 72 & TNIZ. #L His—tag il
EANTA4Tarba—vige LTHWTWS,
5% 2BMBICEEE 2 EL, RIEE?»S
RN A % 8- L 7= & A, $T Robod ¥ifkid. ##
BMHRRAEEOEEII2PHLLT, AT 473
Yhu—uHkE B L CHESICS U EEET
LTl o WICEFEHB~NODHEIAT T 47
Iy MO— LR ERIBETH L I LRI NTL
(B4A). 7. FHOKET % VEGFR2 Mila
BAFUR (V2-051) & RE AFE V2-02 12DV TH
£ L7 & 25, Hi VEGFR2 #6131 Robod Hifk
CEBREOEEERBEEZRT AT, B
Vo RIEEEBAD AT 4 72y b o= VHE
CHARTEAIC AT 5 2 L A8 L7 (R 4B).
VEGFR2 I3 EH I D & 7% & . Bl L o
BILRBET A EPMESNTE YD KiER
iZ. Robo4 25 VEGFR2 & ) b FFEMEICENTIEE
ME—H—EBELZEERL TV,

iz, MIRABASUEOERHEEZFMT 2 8
BT, M D dscFv O RKETHHEET 5514 24
B2 BT A MDA &L S & RIS RIS TEE
i L7275 MR ATUE L IRRASEO iRz B
W, MBRERATEDEE D LML, Robod,
VEGFR2 W N ZEWIZLZBEIBVWTEH, &
BAVED 2fETHLZ D REN(H4C, D)o
Ao EBY ., SEAVWHENEATEEERA
EIIRBREOHERMELZFEL TR I b,
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COEFHBITHOEE. MENEAEED A IS

LoTHELDbDEEZONS, HE. ZOHKD
Fl AN = A LI TH B, FEEOIZ. M
FARHZBA L7-PEIE, MR oRMEI s e T
EHB/ERANOFDERN, HRELTIVEE
BANERLCTREEEE X TV,

Robo4, VEGFR2 % £y & L 7-Mifa & Affk
DMMPBNED R EF Y )T E LTOMBEHEIZ
. L ITHIANTRERES A 2 & TRMIBREE
35184 5, PSIF. MAAK AT ANT ) AT F
> (NCS)Y % fivi 72", scFv & PSIF ORI A&&EH
% (scFv-PSIF). 7 & OFiZ. NCS# & IgG(IgG-
NCS) #ZNENRE L. ~ 7 AMENEAME MSL
W2t A HIBEEN % in vitro TEHE L& 2 A,
ML PR ATR TR B AFURIC R, 10 R E R
WERIRIEE A AT A 2 EAVRENZ (B 5A~D),
7. INSDin vivo TOREEF M A HM
T. BI6BLG [EEB < Y A€ T IR T 5 IHHELD
REBRESLIcE 2 A, MBBABRATUEE FV728E0
APFEREREENTR T BET A Z LS
Bl ol (RBE~H).

DLl fid, MlaPRATURIC & 2 /RA~D
Y EREN in vivo THHEMICHEREL-Z &, &5
IZiE, PR OMBEAE AEES, ADC2IZLod &
TOMIBAZEN & T 5E ) 70— FOVHEREH)Z
EoTHOTEETHLILERLTWSL—FT,
KEBEERT O ADKEREB ZBE L KR,
IR &2, V2-05i-PSIF (3T VEGFR2 Mg
BAVE-PSIFRIGEHE) SR IZBVTO AR,
BBERKERIPBERINZ (RS~ Zhid,
ERMEICDFHET S VEGFR2 # B & L ¥E
ThHrbDLFHEEIN, LVEEBNEFEEDOSE
V>, Robod 2Ry & LIEBBEMESY —7 714> 7D
BERBEEZRLTWA, i, BREOE~—T—&
Hsnood, BERENE L COEBRF -7
Robod ICR L., Z0EFMELZIZILDTURLZLDT
HY. BEFRIZ, %D Robod BRI & L7-IEHE
oL 250 PFEENS,



A B C D
anti-Robo4[scFv]-PSIFs anti-Robo4[lgG}-NCSes anti-VEGFR2[scFv]-PSIFs anti-VEGFR2[IgG]-NCSes
100 4 100 A 100 1 Pay
= 2 = 2
3 50 - 5 504 3%
g s > >
0 T T o v T T 0 T
0.1 1 10 100 1000 001 0.1 1 10 100 1000 0.1 1 10 100 1000 0.01 0.1 1 10 100 1000
scFv-PSIF (nM) 1gG-NCS (nM) scFv-PSIF (nM) IgG-NCS (nM)
m R4-13i-PSIF O R4-16-PSIF B R4-13i-NCS 0O R4-16-NCS W V2-05i-PSIF O V2-02-PSIF m V2-05i-NCS 0 V2-02-NCS
& aHis-PSIF & aFLAG-NCS A aHis-PSIF A aFLAG-NCS
E F G H
anti-Robod{scFv]-PSIFs anti-RoboafigG]-NCSes anti-VEGFR2[scFv]-PSIFs anti-VEGFR2[igG]-NCSes
800 800 800 800
B R4-13i-PSIF m R4-13i-NCS u V2-05i-PSIF W V2-05i-NCS
. O R4-16-PSIF P © R4-16-NCS — O V2-02-PSIF P O V2-02-NCS
E 6001 A aHis-PSIF £ 600 A aFLAG-NCS E 600 & aHis-PSIF £ 600 A aFLAG-NCS
E © PBS E © PBS E © PBS E © PBS
E £ g £
5 400 £ 400 5 400 5 400
[=} [=} [} [
> > > >
200 200 200 200
= 2 2 =
0 0 - 0 0+
0 5 10 15 0 5 10 15 0 5 10 15 0 5 10 15
Days after inoculations Days after inoculations Days after inoculations Days after inoculations
| J L
anti-Robo4(scFv]-PSiFs anti-Robo4{igG]-NCSes anti-VEGFR2[scFv]-PSiFs anti-VEGFR2[IgG]-NCSes
22 22 22 22
—_ m R4-13i-PSIF O R4-16-PSIF — # R4-13i-NCS 0 R4-16-NCS - m V2-05i-PSIF o V2-02-PSIF — m V2-05i-NCS 0V2-02-NCS
2 201aaHis-PSIF o PBS 2 201 AaFLAG-NCS oPBS 2 201aaHis-PSIF o PBS 2 204 aFLAG-NCS OPBS
5 18 5 18 5 181 S 18
: : : :
Z 164 Z 16 Z 16 2 164
g g g = g
m 144 o 14 o 14 m 144
12 7 S S S 12 Y S S S S 12 VSIS S 12 7N S S S
[} 5 10 15 0 5 10 15 0 5 10 15 0 5 10 15
Davs after inoculations Davs after inoculations Davs after inoculations Davs after inoculations

5 #iRobod. ¥ VEGFR2 MERFRANG—EYRESEDAEEDR

(A~D)scFv-PSIF & IgG-NCS @ MS1 M3 2 in viro MG EMHR, &4 0BAKTMITICEML, 24 BHBICHAO £ % WST-8 assay i<
X DEME L 720 (E~H)scFv-PSIF F 713 1gG-NCS D@8y #iHlsh R, C57BL6 = 22K L Bl6BL6 Mg » B4 L. 3HBE LY 2 AME TS5 @,
NENOEYEHES L. BEELNET 2 2 & T 0 ERFEREINHIER %540 L 72 (*p<0.01 ; MlaH & ABLAI%5# vs BBATGKESH), (L)n
vivo EHEIIRTR O KT O ("p<0.01 ; MIMABATLER -1 vs PBS3%/j-##). R4-13i : L Robod MUK £ ABLMAR. R4-16 : $ Robod KA AHLE, V2-
051 : ¥T VEGFR2 MIE B AH R, V202 : Hi VEGFR2 BB AHUE, anti-His : 277 4 72> b0 — ) LHifk, This research was originally published in
Blood. Mukai Y. et al. Robo4 is an effective tumor endothelial marker for antibody-drug conjugates based on the rapid isolation of the anti-Robo4 cell-
internalizing antibody. Blood. 2013;121(14):2804-13. © the American Society of Hematology.
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FETIX, BENESY —7 T4~ FHEBICBITA
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LRMRBOEREIZ, BHXmMEIhs L EFl&
ez Z, FHEARARMEHOY A2 4@ EL TV 5,
HoT. BRIGHDPEATWIEEDT — I — D&
IZEH L TWwW/o Tk, RERBEEOREIZB
TREGEIZEOPDUEED THICEZLLN S,
2O L) EEICHHLY % 729121, Robod D & 9
. BIEBHE L TORENESHEETEZ V. Wb

ENAY AT B —H—BIZLEBRUIZTF YL Y
L, TOAMMEEELEL TV ZEIEETHS
Jo Fio. MBEABRATEIZOVWTIR, £EZD
A S Z X LIS RO SR L T E D00,
ADC DA% 53, BRTHEYIILO LT LK1
DDS #H AL BT EHF L, EHS
WHEZTWE, SHOEZESORET AL b,
[FRE PR ALK O BB BFE D IER) =M | & v ) [IRE
HIFERTEZEEZTWD, 5. FEDLOHRE
D, BAEMFANICHESHA SN TWA DDS
WHOBFENER EICERTELZ LR L. Ch
ARRROREEL 8TV
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