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Antibody-drug conjugates (ADCs) comprise an antibody, a linker, and a drug or payload. The selection of a
tumor-specific antibody and development of a linker having an efficient controlled drug release (CDR) are critical steps
in developing a fully functional and effective ADC. In our research strategy, molecular imaging technologies have been
employed to evaluate the efficiency of antibody delivery and CDR of the linker. In preclinical setting, antibody delivery
into the tumor area or antibody penetration through the tumor stroma in malignant lymphoma or pancreatic tumor was
evaluated by in vivo fluorescence imaging technique. Positron emission tomography (PET) imaging studies were con-
ducted using 8°Zr-labeled antibody to evaluate tumor targeting in a spontaneous carcinogenesis model. The model had
dense stroma and was pathophysiologically very similar to human cancer. The drug imaging system, using microscopic
mass spectroscopy (MMS) with enhanced resolution and sensitivity, was used for the evaluation of CDR. Paclitaxel
(PTX) -incorporated micelle, a high-molecular-weight (HMW) carrier with CDR, showing similar properties as those
of ADC, was analyzed. In contrast to free PTX, micelle selectively increased drug accumulation into the tumor and
reduced toxicity in normal tissues by the enhanced permeability and retention (EPR) effect. Our drug imaging system
has been used recently to evaluate the CDR of the ADC-linker. We present our work on the development of ADC using a
molecular imaging technique.
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Characteristics

1. Tumor-specific antibody

ADC can accumulate in the tumor strongly for the long

time by targeting tumor specific antigen.

2. highly potent cytotoxic
compound

3. Stable linker

The number of drug is about 4 or 8 at maximum.
Therefore high toxic agents are required.

Stable in the blood stream but efficiently released in the

tumor cells or their microenvironment.( If it was released
in the blood stream, it is poor-quality ADC.)

Fig. 1. Structure of ADC

DT T O —MREMNRNTH D, 5TA
A= DT EERME L bbb d ADC OWFFER %
IZDOWTHET 5.

ADC & DDS (2T

ADC IFHEAMIC 1D PARRGUEK, 2) Bt
WEHR (kEW), 3) REEDEWY > 71— THERK
INTND BN EMA#ETHS (Fig. . 0
AERPURIL, &9 F Th DPUKRDFFD enhanced
permeability and retention (EPR) %h% (=& i1
B ORI KB NEMaZE D)L — XM &g
FEEMETTHEIC K D 10-200nm D &5 FANIRN S
<, MATEMZD Y > INENRINT 572012 EK&<
RMCBE 28 M0ICE BNy TY =7 v T g
> ERFUR DR DHUR R B 7R IR 7 U 7z
TITATEY—=T T4 7K D, ADC 0 A
MBI BE<EMIEDIENTES.?2 £77,
PURITATINT & 2 EHBUI T 4T, RKTH 8
EFEER DT, DETHMWEHMIIRN R 2 R 9 H %
ORNEFINEHIND. X512, PR EEFI 25
R H—IMWREEETHD, P TIILEET, N
AR - DY ARIRN CTERZ BRI ) — X TE
LZRENH S, 39 Figure 1 I3 T & < PiEER 1
DDS #AIOF v U VIZHHBL, U Ah—FEHIO
>hO—)V R - JY—ZEMHTIEHINLZ LD Z
LT/ %. L7=AY> T ADC % DDS SI#| D K %
RELMMA TS ENWD Z EIZ72%. DDS #AL
M TORENEEHEBEOLINEFRTESTF v
UY OFFD EPRZNIRITKEL /NNy 2T 5 =0

T I K OEEERRICHR BE<EMTL &
MTES. iz, KDY A XD/NE72 DDS ®AA
FARETEICEN THOENITERT 2 Z & BR
INTNVWD, 51T, FvUT7NNAMZIZED A
ENDD, HEVITHEATEF YU 7o HEIN
T EHIMD AR ER 2 KT 9 2 & TEY)ZERT
T EMTE S, 5 Figure 2 |2 DDS #%] & ADC @
HHHEHN T 1 — X2 RLTWDH, ADC HE<[H
HO7 1 —XTHRERTZIENILS DN, UK
VLRI IR EDOESTF v U T DRHURICE
bokFEBFAS, PikTUNY =Tk
O—)V R« YU —=ZXDOFHlNKREEELE WO DT T
HBH. ZIT, DNONIDTFAA=D2T - T0
/Oy —zBMAICIERL TWS, §/abb, in
vivo #%./PET « SPECT { A — > 7T & % Hifk
T UNY — OF Al & EEBEMBEITK D MS 1 A—
CUTY U h—#Foar ha—)LR - JY—2
DM EITHOENDIHDTH 5.

BFA A= T EROCIRET Y N —OFFH
SRS T © — X OFi 2 BfEd 5 F CEERE
ENERRNZ VT 5 AEEBPRYFELEND Z &I
7£%. Figure 3 D invivo 1T A— 27 TRT XD
2, FERFRBIA IgG H EPRFIEICE BNy T
5=y T I KO ERIRIRICEET 5.
—7, BRFURINY > TY—F T 27T Y
TATI=T T4 2 TNMbsDT, XiE<E
<HBICEMTZZEMTED. — K5 Tk Fab
WEBHEHIC LD 7 U7 I ANEED D E EPRF)



Vol. 137 No. 5 (2017)

YAKUGAKU ZASSHI 537

Systemic Matsumura 1986

Q6 _ circulation
HE
00¢a
o °
< Vessel- Y~ o Lymphatic
capillary Q"?f(g( vessel
060

O,
N Y o

Hepatic/Renal
elimination

Tumor vessel leakage &
L| intratumor retention

Evaluation of antibody delivery

-

| Fluorescent/PET-SPECT in vivo imaging

&

| L0 o
& 3 %?( Active L'&

b 3
Stn@er targeting
. Internalization & drug
Stromal barrier L vetease ]

Evaluation of controlled release

b

[ MS-imaging by mass microscope |

Internali-
zation

Day 1

Non-specific
1gG

Specific
19G

Specific
Fab

Specific
IgM

X Ag/Ab specificity
O Permeability
O Retention

O Ag/Ab specificity
O Permeability
O Retention

O Ag/Ab specificity
O Permeability

X Retention

O Renal elimination

O Ag/Ab specificity
X Permeability
OHepatic elimination

Fig. 3. Evaluation of Antibody Delivery with in Vivo Imaging
In vivo imaging analysis of HT29 tumor was conducted using near-infrared labeled antibodies on day 1, 3 and 7 after the injection.
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Upper panel, hematoxylin-eosin straining of malignant lymphoma (left) and pancreatic cancer (right). Middle panel, in vivo imagiing of fluorescent mAbs.
Anti-CD 20 and anti-EpCAM mAbs were injected into malignant lymphoma (ML) and pancreatic cancer (PC) model respectively. Lower panel, distribution of
anti-CD 20 mAb and anti-EpCAM mAb within ML tumor and PC tumor respectively.
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PET imaging analysis of HT29 tumor was conducted using Zr labeled antibodies on day 0, 1, 2, 3, 5 and 7 after the injection. PET/CT was also done.

EHIZAT L/ PET ZRMAICIEH L &S LW 5
HBBHIHEO>TNS, D
MS 4 A =2 7 LEEBRME
MS A A= > 7 &3, BRHOmEEZHNWT,

SWEHAR Y A RITd B BRI o REY TR & DRERY
SFOREZEZIGLT 2HETHS. 02 HE
SIATOBRIZ, BRI D DNEERNTF DA F LT
H 5. 4T matrix-associated desorption/
ionization (MALDI) #EZ2HWTWS (Fig. 6).
MALDI £ TR L 2R G L — 3 — 2 S
T5IEITEDT, MUy T X2 ILRIITL
TRAHIZZILT S, ZOEERKFICIT MY w7 AN
AF LT 5. WETH B EEDTFIEL — — 4
ICK- T, EEAFT AT DI Lidang, HESHT
MRLOI N w7 A EEBIHBNEL S, 2D
b&, AFMELEER N vy 7 R EEKRGF LD
T7ORRETOPROMONTTONL LT, &
BT OALF MRS, X w7 AELT
X, ZON2EOHICIZTFE > (Sinapinic
acid) WX <fHbHNsH, RTFRHLHZWE N T
OB RT F R D45 HTITIE a-cyano-4-hydroxy-
acid (CHCA) < 2,5-dihydroxybenzoic

laser

cinnamic

acid (DHB) HWwHon 5, K0 FREMO
SiT (EITIBEDHT) IZIEDHB 22X MY w7 A
ELUTHIET S Z &M%, MALDI 4K 70
AFAMED T ET, A F AL ARG T2 50
NI 9 2 DH, BEENHNHTESE L TO time-of-flight
MS (TOF MS) T& % (Fig. 6). FEHIZ> > 7L
T, HEOEWIZED S RITRIHMOEN (W1
WEL<, BEWHTFILES 2 RITT5) 60T
BEREHL T TEERETSHENSHDTHS. [F
U FCOEMEK2 O FIFEMEK L OF—2F X
D2f5R<72%. LA>T, EMICITEEERL
m/z MEIEEND T EICRD. ZOEBEMLIT
ZDHTIEMNEHDT, Zhz2HIcnT2RE
TEBHENVNHRTHBH. ZDED5 MALDI THLU
AT EREEGTHET S LT, RN T
DEESNETD ZENTES.

G, DRNODNBR Ty TA A= 2 7IiER L
TeMS A A—2 27 EITE&WMME SIS
HDT, MS A A= 2T HIRITHEEMB S X T
LEFMELEHLVWIS T NOA A=Y T E
TH 5. HHOBEMBIHEEIT L ORI H
HEENEEED ZENTEDLDT, MSA A—Y



540

YAKUGAKU ZASSHI

Vol. 137 No. 5 (2017)

Ionization: MALDI(Matrix-Assisted Laser Desorption/lonization)

Flight area of ions | Detector

S

O

Matrix and sample I

mass spectrometry: TOFMS (Time-Of-Flight MS)

Fig. 6. Principle of MALDI-TOFMS

Matrix is absorbing the laser energy and helping to ionizing the non-absorbing sample. Charged ions of various sizes are then generated from the sample. The
velocity of the attracted ions is determined by the law of conservation of energy. Ions with smaller 7/z value (lighter ions) and more highly charged ions move faster
through the drift space until they reach the detector. Consequently, the time of ion flight differs according to the mass-to-charge ratio (m/z) value of the ion. m/z;
Dimensionless quantity formed by dividing the mass of an ion in unified atomic mass units by its charge number.
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A schematic representation of our drug imaging system is shown. Imaging data were acquired using a mass microscope. In the analysis, MS and tandem mass
spectrometry (MS/MS) were used for quantification and validation, respectively. In the lower right, images and graph show the positive correlation of imaging in-

tensity and concentration of paclitaxel (PTX) (m/z 892.3 [M+K]*).
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In tumor tissue, upper, middle, and lower columns show optical images, reference
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substance (an arbitrary signal of m/z 824.6), and PTX (specific signal of

m/z 892.3 [M+K]*), respectively. In normal tissue, upper, middle, and lower columns show optical images, neuronal marker (sphingomyelin-specific signal of
851.6 m/z), and PTX (specific signal of m/z 892.3 [M+K]*), respectively. Neuronal area is delineated by a white line.
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The MMAE-specific MS/MS fragment, m/z 496.3, was determined when [M+Na] * was used as a precursor ion in the MS/MS analysis. In MS analysis,
MMAE signal (m/z 740.4) of the antibody, ADCs and each MMAE samples were measured. It was confirmed that MS imaging analysis was capable of distinguish-
ing between MMAE alone and ADCs conjugated with MMAE.
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Fig. 10. Evaluation of Controlled Release of ADC by Using MS Imaging
H&E staining is shown in the left column. The rectangles on the bright field show the measurement area. The released MMAE signals obtained from m/z 496.3
using mass-microscope are shown as pseudo-colour images. The signals of antibody/ADC were acquired from immunostaining with horseradish peroxidase (HRP)

labelled anti-IgG antibodies.
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CHEH WU ET. AROFENEITE LA AL
s —, BULARRTERT, BURRRESR S
M BEREUER AP0 S> T T2 72 dDTY
n, HEFDISMCHMOMEEEZZOTL DT
WCTWHATEEE L, ZZIE#HBL BT ET

MR EH KR EHETT RIS

IR DA TS 5.
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