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*mTc-Labeling of Monoclonal Antibody to Carcinoembryonic
Antigen and Biodistribution
Dae Hyuk Moon, M.D.
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Hong Keun Chung, Ph.D.* and Jae Gahb Park, M.D.**
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This study was designed to evaluate a direct method of ***Tc labeling using 3-mercaptoethanol as
a reducing agent, and to investigate whether *™Tc¢ labeled specific monoclonal antibody against
carcinoembryonic antigen (CEA-92) can be used for the scintigraphic localization of human colon
cancer xenograft. Purified CEA-92 IgG was fragmented into F (ab’), and then labeled with *™Tc by
transchelation method using glucarate as a chelator. Labeling efficiency, immunological reactivity
and in vitro stability of *™Tc CEA-92 F (ab’), were measured and then injected intravenously into
nude mice bearing human colon cancer (SNU-C4). Scintigrams were obtained at 24 hour after
injection. Then nude mice were sacrificed and the radioactivity was measured.

Labeling efficiency of injected *Tc CEA-92 F (ab’),, immunoreative fraction and in vitro stability
at 24 hour of injected **"Tc CEA-92 F (ab’), was 45.2%, 32.8% and 57.4%, respectively. At 24 hour
after injection, % ID/g in kidney (46.77) showed high uptake, but %ID/g in tumor (1.65) was
significantly higher than spleen (0.69), muscle (0.16), intestine (0.45), stomach (0.75), heart (0.48) and
blood (0.45). There was no significant difference between tumor and liver (1.81). Tumor contrast as
quantitated by tumor to blood ratio of *"Tc CEA-92 F (ab’), was increased significantly (p<0.005)
until 24 hours (3.70), and there was no statistical differece from tumor to blood ratio of I-131 CEA

-92 F (ab’),.
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The scintigram demonstrated localization of radioactivity over transplanted tumor, but significant
background radioactivity was also noted over kidney and abdomen.

It is concluded that CEA-92 F (ab’), can be labeled with **"Tc¢ by a direct transchelation method
using S-mercaptoethanol as a reducing agent and *™Tc¢ labeled CEA-92 F (ab’), can be used for the
scintigraphic localization of human colon cancer xenograft in nude mice model.
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4. CEA-92 F (ab’),8] **"Tc ¥ x|

1) **"Te-glucarate H=

300 #19] 0.4 M glucarate (pH 5.6)= Reacti-Vial
o] g o}7]ell 150 ©l¢] 1.5mg/ml SnCl,-2H,O(N,
% 57412 £ 8mlel 1N HCl 2 miE 7}gke}8- 15mg
9] SnCl,-2H,0% ¥ A=2)E 71k *"Tcg 30
mCi 7}3}o] 4l 1 vial 44 22 b2 AFAH
2 ubEgic), *mTc-glucarate X 882 27198 10
+- 3 ol instant thin layer chromatography(¢] 3}
ITLCet )& Aldslgich ITLCY w2 o}g 3ol
A 713 vhet 2l

2) CEA-92 F (ab').2| &9l =7 Z#H

A8 6 mg/ml 300 ol 100 #2193 0.03M EDTA
(pH 7)$} 100 p19] 0.1 M sodium bicarbonate (pH 8.
T AL oF A4F T4 E2 A=Y f-mer-
captoethanol (o] 3 AMEz} %)% AME: F (ab),<!
molar ratio7} 27+ 125 1, 250 1, 500 : 1, 1000 : 1,
2000 : 1, 3000 : 1, 6000 : 1, 15000 : 10] = =& 7}3}o]
A3 37°CellA] 307 fFstdrel, 1) oA EA)
3 *mTc glucarated 77 Yo]F o}g tha] 37T ol A
1217t qkgA1 A ek, ITLCE Al 83le] *mTc F (ab’), 9]
BAEES FAH3N 7ol 71l FAFAY Hgukg
A4 A7 24930,

3) *mTe EX|

1) ol A B " **"Tc glucarates), 2) ol A4
% =4 9% CEA-92 F (ab’),(100 2] 0.3M
BME; AME: Ab=3000:1)& 4132 37C oA 147} 2+-&
A|ZA, vl2] y-globuln #4082 23K)7)3 PBSE
£ F Sephadex G-25 columnol] H-3}5}¢] 1ml¥ =
< oh= dose calibrator® 7+ A|@ @) WAbs-E &4
asie,

4) EX|E8° 53

Whatman 3 MM paperg] 1de| 5% BSA A4
G SAE 20~40 o] el w 10~15% AL,
vpol22 F3lo g of 2 ule] Solg dojxmalF F4
paper®] B¢ HejAdS Lullo] goz Sos) 344
AAA g7t AAAZ L F 30~452F AAsL
T stripe Aol F4g Ay AFF-99
strip(°]3} sect 10]2} 3F) 7} Algl 9] strip(e) 3} sect 2
olzt &) o] WAls& F=lsleel 2 £Asigich ITLC-

SG stripe 7l acetoneol] AMA|7] F Ao} Fo4i-
£ Aokl Y8899l strip(o] 3} sect 30]&} 3 3} A
h-9) strip(o] 3} sect 42} 3 9] WAs& 2alg-E
2 &A%Y o}, ITLC-SGstrip® Umezawa (10% ammo-
nium acetate: methanol=1:1)& &2 3} 7-& ub
Ho 7 Y99 strip sect 59F AghR-9] strip sect 6
9 ¥peE Aelvke 2 24%gch Hydrolyzed
reduced *™Tc, F2] **"TcO, *"Tc glucarate, ***Tc
CEA-92 F (ab"),9] ZAEEE o3} Zo] 2434
c},
Hydrolyzed reduced **™Tc %

- sect 12] WAl %100
~ sect 18] B A5 +sect 29] BIALE

2l *"TcO, %

_ sect 49] vIALS
sect 39] WAls+sect 49] HAS

T glucarate %] E-§ % (4, 2)9
*mTc glucarate A ZA])
=100—(**"Tc0,% +hydrolyzed reduced *™Tc %)

X100

*mTc CEA-92 F (ab’), 2A &%
= 100—<hydrolyzed reduced *™Tc%

sect 5

* sect 5+sect 6

% 100)

5. CEA-92 F (ab’), % H|E0] &
HCG326 F (ab’),2| Iodine EX|

Chloramine T 3 & A3k 0.5M PBS 15 ¢}
2} 300 gl F (ab’),, ***I 400 xCi (CEA-92), **°1 300
#Ci (HCG326)5 42 t}& chloramine T € 10 pg/
10 x1-8 7bslgde}, 22-%0] sodium thiosulfate 30 pg/
30 12 713t ub2-2 AR A7) Sephadex G-25
columnell 317tk 300 p1¥ Ao P & 2
AP 3e] A& e 2 &5 9w

6. HeAuizH 53

lA At AEFe SNU-C4E 100 ploll 0.25%
10% 0.5X10% 1x10% 2Xx10° 4x10°% 8x19°/4
o] Z7k 4 Aol EFEgch 7 Al 2FEe A
3 20l AL AIAE A %2 25 pg/
25 p12] CEA-92 F (ab), &A1& 713t (0] 5ol A
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1) dESEZ =R

Sephadex G-25 columns %3} 2™ Tc-99m
CEA-92 F (ab),, **'I CEA-92 F (ab’),, *?°l HCG-326 F
(ab), &A1Y A7kl @ AWEZE 793k F=
up$-A5 6722 Veglth(Table 1), *™Tc CEA-92
F (ab), 34= Sephadex G-25 column &2 £ &
ZAZ wAbe A 7L H A E Ho| = Al aE Bobd o
Fubdy 5ol A 7|ed Wt 2 EES FAH o
FEuReA A 17 ekl E 100 #Ci/100 pb, A 23 7
ulgloll & 200 £Ci/100 pl, A 37 6=lElole 750 pCi/
200 1, A 47 4=lelollE 945 uCi/150 pl& AHo=
Folslgich Ao F 617 Fofl A 18, 1247 &
of A 27, 24417 Foll A 37E AR A 47
& 2447kl Fdmpgbelel ds e A% A
c}, 131 CEA-92 F (ab"), &A= Sephadex G-25 col-
umn &2 28] F PAbeA| st Haxst HE AN
BobA FEukea A 5 setejols o2, Al6F
gulejoll = E7F WE 45 pCi/100 pld Folsiglion] A
5T 2447 & A 672 49 o] Foll A
HCG-326 F (ab"), 3= 32wl o 2 A 3¢ Fxwt
S0l 20 ¢Ci/50 w14 o 2 Folloivt, A

£ F
ARt FA7le) 4L B, ¥ FAE An axfeld F

Table 1. Schedule for the Biodistribution Study of Radiolabeled CEA—92 F (ab’); in Nude Mice Bearing Human Colon

Carcinoma

Radiolabeled antibody

Time after injection

6 hr 12 hr 24 hr 4 day
#mTe CEA—92 F (ab), group 1 group 2 group 3, 4
1311 CEA—92 F (ab’), group 5 group 6
125] HCG—326 F (ab’), group 3
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Aslr] H3le] A EolF 2w (antibody specific
localization ratio)& ch&3 Zo| F3H3ith,
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1557 HCG-326 F(ab'), W e A 4+
Z2 9] ¥mTc CEA-92 F(ab):
25T HCG-326 F(ab), w5 A4
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#nTc CEA-92 F (ab), & Fo48 T 24417%ol A 4
T8 FETN-2F #9515, v 2ES) s 2

% Pho/Gamma 7}u}sbul)elg o]-23)e] Frolerl
2T o AL sl ek Fee)
222 AgE 4cmz 3903 20,000 A4 o] LA
of FAE fdr,
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1. M ZZ Ao Mt gl Fx|

E47} 471 Balb/c vH-20l| 4 & vl2]d 3~5mle)
= dglow] B49 mly} 2~5mge] CEA-92 IgG

. Excellulose column |4 PBSZ £l

CEA-92 F (ab), 6 mg/ml& Ao A-&3190 ),

2

2. s &Y

Scatchard plot 4] #3 CEA-92 F (ab),& 23}
A= Ka=3.35x10%1/mol gt}

3. ITLCZ &3 **"Tc Glucarate2] EX|E &

Hydrolyzed reduced **™Tc 3.0%, free **"TcO,
2.3%2 *nTc glucarate®) BTS2 94.7% % vh

4. CEA-92 F (ab),o| #¢ =71 ZAH

AME : F(ab),2} molar ratios ¥ 3HA1# 9.& *nTc
F(ab"),o A 582 Fig. 13 29}, SME : F(ab),
o] molar ratio”} 3000 : 1oll4] 45.2%9) 713 £ %
ANEES vgich Ho9ub$AL Fig 20049k o
3000 : 10014 27.4% % 7} =3tk

5. CEA-92 F (ab’),, HCG-326 F (ab").2 Iodine
EX|
Sephadex G-25 column 2.8 300 u1¥ %3 2
o WAsHE BEl 33 CEA-92F (ab)d 1%
HCG-326 F (ab),9] 13 A &€& 47 91.2%,
93.7%tk,

6. HAuiS Y &3

omTc F(ab'), 342 a2 32.8%%t}H(Fig.
3). 1 CEA-92 F(ab).st 1 HCG-326 F(ab),
o) WodubgAde 77t 36.4%, 0.3%ATh

7. *"Te CEA-92 F (ab).2| #|< otEM 53
AAdE Askd At Al olelgted AT A7l wE

% Labeling

10

B-ME/Ab molar ratio (thousands)

Fig. 1. Effect of reduction conditions upon **Tc CEA
-92 F (ab’), labeling efficiency. (8-ME: B-
mercaptoethanol)
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Fig. 3. Determination of the immunoreactivity of *™Tc¢
labeled F (ab’), by double inverse plotting of cell
number and bound fraction. Extrapolation to the
ordinate where 1/cell concentration=0, ie a
theoretical infinite number of cells, gives 1/frac-
tion bound as 3.05, that is an immunoreactivity
of 0.328, or 32.8%.

A AdAAL 147k 89.9%, 247+ 85.6%, 647
74.4%, 15417} 67.2%, 24417} 57.4% %}

8. CEA-92 F (ab’),o| HHEXE

*nTc CEA-92 F (ab"),8] 5o & 6417kl 4 e] A
B2 Table 29} zokeh, 2 A7 22§93 3
ol 7} 9l o4 eH{p<0.001 by Friedman test), Al &

Table 2, Distribution of **™Tc Labeled F (ab’}, Frag-
ment of CEA—92 at 6 Hour Expressed in Per-
cent Antibody Dose

Tissue Mean Range p-value#
Tumor 2.08 1.78-2.73

Liver 4.69 3.77-5.82 p < 0.05
Spleen 1.62 1.10--1.99 NS
Kidney 90.52 73.61-112.76  p <0.05
Muscle 0.35 0.18--0.54 p < 0.05
Intestine 1.80 0.69--3.61 NS
Stomach 1.22 0.62-3.13 NS
Heart 1.06 0.80—1.48 p <0.05
Blood 1.92 1.36—2.55 NS

Note : # ;statistical difference between tumor and
other tissue by Wilcoxon signed rank test,
(NS ; not significant)

Table 3. Distribution of *™Tc¢ Labeled F (ab’), Frag-
ment of CEA—92 at 12 Hour Expressed in Per-
cent Antibody Dose

Tissue Mean Range p-value#
Tumor 1.81 0.92-2.99

Liver 1.90 1.41-3.11 NS
Spleen 1.15 0.61-1.80 NS
Kidney 59.89 48.60—78.01 p < 0.05
Muscle 0.28 0.15-0,60 p < 0.05
Intestine 0.40 0.30--0.56 p <0.05
Stomach 0.44 0.26—0.92 p <0.05
Heart 0.45 0.40-0.49 p < 0.05
Blood 0.79 0.47-1.03 p <0.05

Note : # ;statistical difference between tumor and
other tissue by Wilcoxon signed rank test,
(NS ; not significant)

(90.52), 7373(4.69) 2] %ID/g& F9(2.08)q) »l3ted
|9 eA =g (p<0.05 by Wilcoxon signed
rank test), ¥]%(1.62), £73(1.80), $1(1.22), ¥
(1.92) 3 vlm3dbe] Aol E Holx oy =F
(0.35), AR(1.06)2ch= F28tA Ekth(p<0.05
by Wilcoxon signed rank test), 124]7kel| 42} sjuiE
E& Table 33 Zstch, 7 A7 F2E T3 Aol
7} 9lgd e (p<0.001 by Friedman test), A3 %
ID/g(59.89)0] Z<k(1.81)3 gk Atelzh ol
(p<0.05 by Wilcoxon signed rank test) 7+(1.90),
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¥ 4(1.15) 2 ho]E Holx| ghgkow], 28(0.28), &
7(0.40), 91(0.44), A7(0.45), ENH(0.78) 7} v) w3}
= frelatAl 2%k tHp<0.05),

242 7k A1 2} AR = Table 49 729kt), 72+ A7)
HEFE F28 #o)7t Yo (p<0.001 by Fried-
man test) 41739} % ID/g(46.80)°] F%(1.65)0l ]
3o f o8 A $718 9 2(p<0.01 by Wilcoxon
signed rank test), 7}(1.81)-2 =}o]& Mojz| olglo
= H]2H0.69), =5(0.16), £3(0.45), A1A(0.48),
"l (0.45) (p<0.01) ¥ ${0.75) (p<0.05) 2} w]aw3}

Table 4. Distribution of *™Tc Labeled F (ab’), Frag-
ment of CEA—92 at 24 Hour Expressed in Per-
cent Antibody Dose

Tissue Mean Range p-value#
Tumor 165 1.22-2.,64

Liver 1.81 1.53—-2.29 NS
Spleen 0.69 0.33-1.08 p < 0.01
Kidney 46.77 29.81-59.77 p <0.01
Muscle 0.16 0.10—-0.25 p <0.01
Intestine 0.45 0.26-0.96 p <0.01
Stomach 0.75 0.34—-2.45 p <0.05
Heart 0.48 0.27--0,61 p <0.01
Blood 0.45 0.35—-0.63 p <0.01

Note : # ;statistical difference between tumor and
other tissue by Wilcoxon signed rank test.
(NS ; not significant)

Table 5. Distribution of '3'] Labeled F (ab’), Fragment
of CEA—92 at 24 Hour Expressed in Percent
Antibody Dose

oA A Fo A #3k

31 CEA-92 F (ab').®] Fod F 2427kl A 9] A&
ZE Table 59 Z3)ch, 7t A71E H2E F213) fo]
7} 9 29 (p<0.001 by Friedman test) Z kol A
9] %ID/ge] H 5.832.2 thE A7l u]3le $-2 8t
Al Foke v} (p<0.05 by Wilcoxon signed rank test)
Al7H(3.50) HHe zbo 7| gloich

BT CEA-92 F (ab).9] Fo9%F 4949 ANEZEE=
Table 67 23kt 7t A71HEEZ= o7 2fel7h 9l
92 v (p<0.01 by Friedman test}) &<k %ID/g
(0.45)2 ohg 2E A7loA 2ot fA3A 3
(p<0.05 by Wilcoxon signed rank test), 5o & 24
A7 A A2l #mTc CEA-92 F(ab),9} '*'1CEA-92
F (ab).9] %ID/ge &4, b3, AlA, gl {9
gl 2}o]E Hoj4](p<0.05 by Wilcoxon rank sum
test) *"TcO, CEA-92 F (ab’),7} 7H3, AlAbollA &3t
on Fok ooy Wokrh ®lA, 2%, 44, 9,
Ao A alol g Ro|x Ygtel, *mTc CEA-92 F
(ab’), k) dofu| 64]7kol 1.10, 12417} 2.31, 24
A17E 3.70, U 24417ke] 3.76, 4% °] 4,592 7} F7}ol]
F98 zbol7t gled Al (p<0.005 by Kruskall-Wallis
test), ™ Tce] 6, 12, 24417k 7= F71atg b (p<0.
005 by Wilcoxon rank sum test) '*[9] Fokl] ¥}
v)obE zbo]7} Yoo (Fig. 4). 24X)7}ell A #*mTc CEA
-92 F (ab’).o] &AEold P-2wl: Fig 59 Zgkch
o, 2%, 2%, 94, A%, Y BollA & 2z E
Table 6. Distribution of '2!] Labeled F (ab’), Fragment

of CEA—92 at 4th Day Expressed in Percent
Antibody Dose

Tissue Mean Range p-value# Tissue Mean Range p-value#
Tumor 5.83 4.08-7.61 Tumor 0.45 0.28—0.57

Liver 0.59 0.32-1.33 p < 0.05 Liver 0.03 0.03—0.04 p < 0.05
Spleen 0.78 0.32—-2,12 p <0,05 Spleen 0.04 0.02-0.07 p<0.05
Kidney 3.50 2.17-8.26 NS Kidney 0.13 0.09-0.18 p <0.05
Muscle 0.23 0.11-0.44 p <0.05 Muscle 0.02 0.01—0.04 p < 0.05
Intestine 0.61 0.18—1.85 p < 0.05 Intestine 0.02 0,01-0.03 p < 0.05
Stomach 1.84 0.79-2.60 p < 0.05 Stomach 0.05 0.01--0.14 p < 0.05
Heart 0.56 0.28-1.18 p <0.05 Heart 0.03 0.02—-0.04 p <0.05
Blood 1.85 0.83—-4.04 p <0.05 Blood 0.10 0.08-0.13 p < 0.05

Note : # ;statistical difference between tumor and
other tissue by Wilcoxon signed rank test.
(NS ; not significant)

Note : # ;statistical difference between tumor and
other tissue by Wilcoxon signed rank test,
(NS ; not significant)
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Fig. 4. Tumor to blood ratio of *™T¢ and *'T labeled F
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of *"Tc F (ab’), at 24 hr was significantly higher
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Fig. 5. Antibody specific localization ratios for ***Tc
F (ab’), fragment of CEA-92 at 24 hour after
intravenous injection. Antibody specific localiza-
tion ratios were calculated from CEA-92 F (ab’),
tumor to nontumor ratios divided by nonspecific
antibody F (ab’), tumor to nontumor ratios. Li=
liver, Sp=spleen, Ki=kidney, Mu=muscle, In=
intestine, St=stomach, He=heart, Bl=blood.
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Fig. 6. Scintigram of a nude mouse bearing human
colon carcinoma xenograft. Mice with femoral
subcutaneous xenografts (arrows) were injected
intravenously with " Tc labeled F (ab’), of CEA
-92 and imaged at 24 hour using gamma
camera. *™Tc labeled fragment clearly distin-
guished the tumor, but the radioactivity has been
retained in the kidneys.
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