REILEEEEE | $26% 5 29 1992

2 8 CEA 349 1131, Tc-99m EA4 3 2
od
- 1

Wejstn 54 24

w

Agoigta o s s st adl, Jsstng?, ddFa
HEI|G-0lEF - O|HH - HEDH . THT!
Aedgragd Ao
201F - FHMy - MU

Sojsta e Ashaad
s z 5

[Ln

= Abstract =

Establishment of 1-131, T¢-99m Labeling Methods to In-house Anti-CEA Antibodies
and Evaluation of the Immunological Characteristics
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Cancer cells have several tumor-associated antigens on the cell surfaces, and antibodies against
these antigens have been developed by many investigators. Radiolabeled antibodies have been used
as new methods to diagnose and treat malignant tumors. Especially anti-carcinoembryonic antigen
(CEA) is the most popular antibody for these purposes.

In this investigation, we tried to label *'I and ***Tc¢ to anti-CEA monoclonal antibodies which were
developed in the Seoul National University College of Medicine. We found CEA-79 and CEA-92
antibodies had the better immunological characteristics among 8 anti-CEA monoclonal antibodies.
And radioiodination of CEA-79 could be performed by chloramine-T method, while radioiodination of
CEA-92 by iodogen method.

To label these antibodies with **"Tc¢, we used pretargeting transchelation as direct labeling method.
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At first, *™T¢c was bound to glucaric acid, and monoclonal antibody was reduced by g-mercaptoeth-
anol. When these were incubated together, ***Tc bound to glucarate was switched to monoclonal
antibody because of higher affinity. We established conditions of several steps in this method.

Anti-CEA monoclonal antibodies labeled with
detection and treatment of malignant tumors.
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2- mercaptoethanol

7

181] and *™Tc are expected to be used valuably in the

L. &xlef YAtd S EX|

10~20mg/mle] v=2 FZA7] &AL Green-
wood 59 chloramine-T® 73} Frakers} Specke] i
obd iodogent®ell =t WAt S4 EAE S3ich
Sephadex G-25 columne g w4 2 FAE
a3k,

2. gxle| *"Te EX|

AR FAWEe s}el pretargeting transchela-
tion L 2 *nTcg Ix319 vk (Fig. 1), o= 2 3hA
(chelator) Z ¥mTco] & I X5 1 vl 2 &3t 2H3}A
el glucarate® 2 Aol ALg-3stgch(Table 1).
EHAl| 2 Aol T3 Teo] 3 X882 5, pH,
WAk, Al FA ol e T Bl vet 59
o}, ¥ AgolxE CEA-79 A& hAto 2 ofga) 3t

SH HS 2
SH He|___ O0*, TcOs .

BANNZAN

Fig. 1. General scheme showing outline of *™Tc labeling procedure to antibody.
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@755}71 #18l glucarateo]
3 A5

2) AA PH(5~7)'§— ZA%7] 930 sodium bicar-
bonateZ pHE W31 #A F# 314},

3) A 3ol F 83 B-mercaptoethanold] k&
W3k A B9k},

4) ""Tc9} glucarater} EA|=Ed £
£ ARE7] Al 9mTedt glucarated] ¥H-2-Aj7He o
A A,

5) ¥ Tc-glucarates} 243 a9 ul-Sol B8

Table 1. Labeling Yields of Several Chelating Agents
with *mTc

Chelating agent TcOs HR—T¢ La?izlliélg
Barbituric acid 79.2 9.6 11.2
Citric acid 4.1 12.2 83.7
DTPA 2.2 1.9 95.9
Edetic acid 44.9 1.1 54.0
Glucaric acid 2.4 12.9 84.7
Gluconic acid 1.4 12.0 86.6
Iminodiacetic acid 22,6 26.1 51.3
Mannitol 4.1 93.9 2.0
Maleic acid 57.2 34.4 8.4
Oxalic acid 67.7 1.4 30.9
Pyrophosphate 14.8 0.7 84.5
Tartaric acid 7.5 34.8 57.7

* HR—Tc : Hydrolyzed Reduced Tc.

A% pHE A7) Slal pHE W37 Tx 55,
3. FXIEE &l

IANEEL Fo] 22 E 185 (Whatmann, 3
MM), Z=A4ulZ3 2 n}lE 3219 (Instant Thin Layer
Chromatography: ITLC)Z 734t A9+ (F
o])#} Umezawa(10% 24 4259 [ vebE&=1:1)
9} ol E (BAWZE) e AMAA FolzzutE 2ty
2 omTe 82 A8 FE, FARFLE R
2x $7 FHAste) a4 (free  pertechnetate) 3}
somTe mA 9 F& 474 T35

14 SAMMESIA EX| SHof Hoju2y

(immunoreactivity) 3

CEAE w83} SNU-C4 ti et Al 255 A1g 3ol
100 pled 0.25%10%, 0.5x10%, 1X10° 2X10°, 4X
10°, 8x10°9 FE2 Fulstglet, PALETALL &
A A4S 5ng/75plH 7heted Alzete F A=
(total binding) & ZH 3l HAATHALLE A4
717 h& RAE 25 pg/25 pl 715kd A2kl wlBo]
7§ (nonspecific binding : NSB) & ®gir},

7 Az 3 CEAZAo] #3 o] A 3 (specific
binding) & th&3 2o},

Specific binding (B%)

_ Total binding—NSB

Total count X100
29 B%E 4 AdAde AlEFEo st mAFL
IBM computer®} lotus programol 4] 342 fittingA)
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60 -
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40 -

30}
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% Bound Antibody

10

Immunoreactivity: 67.1%

+ Total Binding
% Non Specific Binding
~— Specific Binding

10

Cell Number (< 10E6)
Fig. 2. Cell binding assay of 2*I CEA-79 monoclonal antibody with

SNU-C4 colon cancer cells.
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Fig. 3. Scatchard plot of 21 CEA-79 monoclonal antibody with

SNU-C4 colon cancer cells.

A Azt Agshe Aol BY, & Wiws AL A3
Sh9lrH(Fig. 2).

5. Scatchard 24

125] 32 3 CEA%HAE 300ng/100 w55 0.5ng/
100 p7kA) A" o2 3 AA)AH 1x10070e] SNU-C4
A Zot bgAA AT vASRE 2A39c), wodnt

4 FAH 2L P o R S0 AL Folo] TAF
Ao} Al Z7ke] Sol AT & A& egr),

Azt Agsl gale & stz Zel, AgaAe
F2l gA e vl E AlRHo R st} EAEIYT, o] HE
<+ AAAA 4 de A4S e Xdwo] SNU-C4
Alzare] CEA Fxolx 71¢77} A4} "o
(Fig. 3)

1. WA S A TR

8&7-2 & CEA% A+ Table 29 3to] A 2] w)4:3t
FAEES Boli glet B2 o) ¥]E) CEA-79%

H o} CEA-928H47} w343 234429 4171
7t 5A el 9 Asbg wiele 2 CEA-799} 92
GAE AE s 27| FH%}O:] chloramin-T ¥ 3}
iodogen ol Aol ZA| &85 Wdut-gAS vims| 2
ke,

Table 33 Zo] CEA-T98 A+ Ex 58] £ ot ¥
gko1} W dul-2 42 chloramine-TH o2 Fx]§ 7o)
o $35ict, CEA-923AlE TA 83 Hau-A
o] iodogen ol A £4-3}A] Vbt

WA BAES wiakAbsol & Zlo] uhuka R qt

Table 2. Immunologic Characteristics of Various CEA

Monoclonal Antibodies

Lebeling Immunore- Affinity
Antibody efficiency activity constant
(%) (%) (1/m)
CEA-—-173 78.9 16.5 15.5x107
144 74,7 0.7 —
142 75.6 - -
92 78.7 60.8 111.0x107
55 79.2 27.5 21.4x107
129 78.1 32.8 13.4x107
165 85.4 15.6 15.6x107
79 80.8 67.1 193.0x107
Table 3. Comparison of Radioiodine Labeling Methods

Between CEA—79 and CEA—92 Antibodies

Labelin Labeling Immunore-
Antibody 47 dg efficiency  activity
(%) (%)
CEA-79 Chloramine—T 96.1 51.6
lodogen 99.1 19.5
CEA--92 Chloramine—T 59.7 -
lodogen 91.7 53.0
slpapzel U Fole WeldgAel 449 474 9
t}, CEA-798 ol &l w]wkats-g 100 mCi/mg7tz|
oo

W3] A E AT FAEEE ¥ Atolrt glglew vl
WA e ZEA 2ol 7} 1ot (Table 4).

2, **"Te FEX|

Sodium bicarbonate buffer® #k3-<8e9] pHE 4-7
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Fig. 4. Effect of glucarate: Sn** molar ratio upon
glucaric acid labeling efficiency in sodium bicar-
bonate buffer.
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2-mercaptoethanol : Ab

0 2000

Fig. 5. Effect of antibody reduction conditions upon
*"Tc¢ antibody labeling efficiency.

Table 4. Change of Labeling Efficiency and lmmunore-
activity According to the Change of Specific
Activity in CEA-79 Radioiodine Labeling

Specific Labeling Immunore-
activity {(mCi/mg) efficiency (%)  activity (%)

0.5 88.1 59.3

1 859 53.7

2 97.9 51.9

5 95.1 52.1

10 97.6 55.7

20 92.7 559

25 90.4 54,0

50 98.6 56.9

100 92.5 53.4

801

P N
o o

9mTe-CEAT79 (%)

n
o

0-

3 5 7 9 12
pH
Fig. 6. Effect of pH upon antibody labeling efficiency.

£ #3712 glucarate : Sn**e] =& Wiz A
I} pH 51} 60l A4 glucarate : Sn**e] Ewu]7} 1:
2~2.5:1¢ W7t $& I LS HolE 2
A= (Fig. 4).

Aol ¥ TcE FA 51 A AUAE Ag3}e]
gl o] disulfide bonds 3-YAA F2-SH7E s
ojFojof #mTceo] Ex 5T}, ol BAUA L] cko]
2ted disulfide bond9] 3<de] 2-1A3A == e
o] F8IAE b Ao AdnsA e A e 24
slA| Eet, Aol tiglk f-mercaptoethanole] Eu] &
w3k A 9kbg-A7] 23 84 : f-mercaptoethanole]
97} 1:1000~1 : 3000004 X &go] 2L Aoz
ebstet (Fig. 5).

Glucarateol *"Tcg 4H-34]71WA 5, 10, 20, 40,
60Fvtcte ¥x 8¢S =AY A 5~10%0d
glucarated] *"Tc¢c A7} o] Folz& A& ¢ 4 3
o}, *"Tce glucarate £ & Wi ullo03 3
iRl A 60E71A] AT 2 AstE dojukx] o
skort A|zke] o] whe} thik A FEo) AL
Ao vetydey, F *"Tcs} glucarated) T A%
5~10F o] Holl GA|ER)o) A-g3he Zo] ulFAE A
L2z ¥4qlg,

Aol g " Tc 4] pHY 9%E =48 A3}
A4, T4, ALl L vlaE 28 4 58S
2ol b pH 129] Y] AolAE IR EEo] 24 A
el Ad 4 4 UL (Fig. 6). pHo Bodd 27
of Aol 4% 4 Y & pHellAE a9 w4
o] dofid 4 glema pH 51} pH 741 A9l #mTc

)
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[1Lg T T — —
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Fig. 7. The labeling of antibody with **"Tc¢ as a func-
tion of time.

Production of

™ Te-glucaric acid Antibody reduction

glucaric acid Smmole

Antibody 13 umole
SnCl2 Smmole

2-mercaptoethanol

9mTe 20 mCi 39 mmole
sod. bicarbonate
pH 3§ EDTA
room temp, 10min pH 5
Quality control Y 37° C 30min

transchelation

37°C, 1hr incubation
with shaking

\

Quality control

1

Separation of labeled antibody
by Sephadex G-25

Fig. 8. Summary of antibody labeling procedure

with *™Tc,
A% she Jlo] whatRelen oA A,
Aol & o Teo] Hxo] Bag A7He 30~603
oI FEY AL 42 (Fig. ) EA w—L« 4

oA A7ke] Aol wE E

o] Akl Asg Zaelod 28] 83 R FAAAL &
e 2 919 ol#{ g ®h oz CEA.79 & &

E7) CEA-798A9 HubeAL 60% AE2 A4

284 HA2 2 Aol7t glgirh,

K

2 2 71E X-A A el =
o A, ©h % # o < (Computerized Tomography;
CT), Magnetic Resonance Image(MRI) &< 5%
o2 AYR et ofAE 2] Ak A3 oo}
3 AA=Z 5o girk 53 IR Y ddHezE ]
cm o|3le] Fokd Gzt GAF ] Hel i of 1
cm Fokol| % 109719 o A Z7F Akt glof o] &
2k obe 2A o ARSI = o,

A2 g obidgoke] Akyel L=, WA
FHYUAE o] &3 HofgH whlo] 2 Aoz A4
I glet, Al ot =l Fok
&%) (tumor associated antigen) o] ©}3F &3}
¢-7} gk olofl et A E utEo] FHYAR ¥
J5ked, o] WAl EH A4 E A FAlE A £
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Qa2 E AF7AA L, Wn, = Fo] ol A1§5)o]
: B4 78 4 92 AN 94
el gl 2 A7 e

Seutelel e 1988 Algeeta o) Ho) et P3)et
AAA o], A o] Abgt et A2 LS174T)
Al CEA 30% #2]3lx o] balb/c w20l 7H2HA]
7 g CEAZA S5 AAslE slolne|enlE gt
AFAAT, 1% ¥ CEA RAZE A+ CEA o
o8 ddubgAdel dn BE A A AL s
517 98-S B st

3} CEA 348 o023 a4 g Al €]l 12}
Y A=+ 1978338 ohAZ£-F 3 (polyclonal anti-
body) & o83t A==y, RAZF A7} A
HedA oS FUsA 4 57t do g3 43719
oAl AwtA oulEE 50~90%E thFd ARE B
3 Qlepinid | B3] A g-o] A zojlA] so|w B
Al A AR dulx sl Qo) My B[F =9
of AdtswA AE duzm FA Frsn Ao,
19891d £ A7 Ho\A 5 Frukdsof 354l gt Al

ZZ¢] SNU-C4% olAlAl7lz #41 3 CEAdAQ
CEA-920 '1¢ X3} F4]ste] JAz= ol vlsto
Z ool CEASA7} 3= o Bo| H4HE 253t
A1, =3 CEA-79 3|7} k22 o) 14.0% ID/
g(F% 1g% F FAF 1U%) A= A4gE Bn
g ul e,

2} o] 28 BIEA L ZHEE ubg o] 7l s} 13
o] ety 7} 364 keVR Eo} sjAo] Be AL
QA =, diztzls} 82 Ax Wit s Bl Wi
shed QlAl ol BALAL F] Fafo] grolAlche ©hAlg 74X
I Ysich, =1 FmpgbeEl o Aol £ 159keVe
UxE Ha wi7irlst 13.3417e2 #o} cyclo-
tronoll Ak A AbE] 7] W ol RHH oz 2 4 gloke
A o] gk, oldl Haldte A EAYLR A
g Mng o yx]& Fulgtdlat o Ao sAdHe] £
172~247keVell &3} 714 o] wlsa 53] $-2 vz}l
A ARE 590 & ok dvte FARS 7}x1 b
UThY, Eq Hing AU A2 v Eol=
2 (& 59 Fe 544) 2357 whiol Fk 59 °é
Aol o182 A 4= gt ool gan sﬂﬂ"‘dol Fod
A b2 8| ghd] FAAgoll A £ TcE

3| o‘l ul—,&].:‘-]i

=

o] 0] 3

AWl B AF-7} A QA el ety A79 237
e F-F35) A 2o gupee,

wnTed Faj 2 gl Aol 53 ¢ *0}7] v oy Zheb
Fheeted Alol] F& A B4R §3] 2olx gl
t}, &3 Mo/ Tc LA 28 4A 78 4 3L
7] WFoll A $2viale] ool g2 AL
a9l :Li’i"]- o] 23} *mTce] B4 5332l 44
wf Foll o2& ZA Hrh *"TcE: WAk oFFol
ZAAA AL ‘ﬂ"o“ic’" Azt g wole i
womTcg oA Ab8hA] A *mTe #Abste] 2|42 3431
A Ak, =3 #4F *"Teo) 71423 =1 *"Tea?
+ JAHA =k

A 27 Fallo] i@ o Tee] FA4-& 2A vrol
A A ¥ A ¥ (direct labeling) & 74 % x| ¥ (indirect
labeling) o] ek, AAHEA YL At s *"Tc
< AR wgA7lE Aoz A e obxab

o ®mTco] AFsiA et A-+Ae] whel buffer
system, pH, ¥-&A17k So] cheFeiAlet 54E

A 2A FA o] &E LS Aolrhise o] el A
BL A 270 A g dEIhe AR,
Doz 99"‘TC?«L FA o Aje] £ekAsly) wliel &
2 FAE 7] 93 543 HelHg Adsler &
= 7;1"]‘;]'. 7&7\335?‘]‘%% 3#E g A3AE ALE-Shed
A o} " Tcg #F3A)7)+& Aolth, AF7HA] A=z
9= #3Al 2+ DTPA, cyclic tetraamine, diamide
dithiol, thiosemicarbazone 5 o] gl tH~?), o] & F
DTPA7} 7} o] A5 glom AF 8 =&
1471} DTPA7} 9o sicta 5o e}, e of
AR e 2 FARL Ao AHo| WstE ]
EAS A5 A AT § de w3 el &
&3HA He Aolth, ®3t o] W& #mTeo] 2 3A]o)
22 g Aol A F& §ol Ton, A AH
A g 2mTcl QA A o] Fro} glof AA N FYA] &
Ao} Fj 5o} i3 PAEE Folv AAE WA H
o}, AFIZAYe] =) Fu3 AT Ylw, 59 &
Lol #nTeg okt Z&A]oll EX)A17] 3 o7l 3
3 A5 2-3A 7™ " Tee] o 73t A& 7k &
29 disulfide bonddl A F3lE wh o] A5 gl
t}, Pretargeting transchelationo) 2tz & o} wb4
o FAFRo] AH2EE #H3 A (chelating agent) &
glucarate, tartrate, methylene diphosphonate
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{MDP), pyrophosphate, gluconic acid& #}-&3=1
°]% glucarater} F4o]&o] WAL 57| F3HA =
=8o] 7 & Reo g oAX Yk, Glucaric acid
5 *nTcg A 3taxt 2 of Sn™*ef w57 £7v pH
7b Tow mAe) gAo] golAlw Sn*te FEst 1A
U Abzoke) A& o] dofipr f2 TeOr ‘*01 ey
o}, Wb glucaric acidel *™Tc A9 HA=A
ghel5l7] YalAe Snttel Fx 9 pHY 7%“*"] g5
olth, AA7A Y] ¥ cEAEEL 60~70%°) At

2
o o Nio

Zo) 27% A% A AR/HE FAAA o &
L F4S oA xHFlolo} 3kt T AL 3k

% *mTco] stannous hydroxide}t 72 &4 o] = =3t
AR weba o2 gt od# i) b FA Y
A e) oF, A ol whE} WEeA Hu =g

o-8-9] pH, AhgF, WH-SAZE gl ol upel W
iAo,

B Ay o7 g CEARAZ Y FAE Folx
o339l E434 vl malg s = CEA-79, 92347} 7}
2o A#HE 2o o) FAE ALY F U
CEA-793+4| = chloramine-T#H e 2, CEA-923 4=

ol R

jodogen® o 2 b4 948 wosly QAL Holw gl
G, o S GAel T2 ol Wil o)sizre] Az
o2 FAge) Wed AR FEAn, o F FAE

wdulg-Ao] 60% AFEE = APFSEr 10°1/mz H)
oA $4e "Adsd 548 Al ek olAE
CEA w8 AZFE o] g3ted galle] BASH EA4%
2 A8 A x4 A (cell binding assay) ©] v}

Scatchard £Auly-e oh2 QA 27 Aol E whal
w g Al gl o] 1} ukApd o *JEL'Y-E}A 5ol A4 HA

g A& Addshe Z1E ez Abd 5 gle Aold,

(=]

ko
4

Agoyeta o e stol ) A 3 CEAR A et
WAL S W Tes] FAMS s o EAY
Ae Aok 344 4 A

FR Ao AGgubeAL 60% Hxolgln, A
A AEE 1~2X10° /m ol T,
2) CEA-798# % chloramine-TH 2.2, CEA-928

3,
Al

A jodogen W o2 WAL G4 E 3|5 Ao] 713

0.5 mCi/mgel H-rEi 100 mCi/
mg7tA 1‘”"}-‘5—% WA S o ZREFot U
2h-g-Aol) 93 2ol & HAF + glaleh
4) Glucarate & °] pretargeting transchela-
tion o2 CEA-79 & *"Tc2 At 27&
stedslgleh, BA L 60~T70%01%
B ARS Ealo] & AR 279 W " Te &
A o] stEle oo g whamoAlelaeldlel WA
Az gfol F&3H AL 4 AE Aoz /A,

l

#Atel =

2 Age oTe Aol 24
NIH®| A%,

3¢ FA oF

ARl AALA 3] A=Y
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