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Effect of DTPA on Biodistribution of *In-labeled Monoclonal
Antibody in Tumor-Bearing Mice

Takashi Fujii
Department of Radiology, Ehime University School of Medicine

Research Code No. : 733

Key Words : "“In-labeled monoclonal antibody, DTPA,
Immunoscintigraphy

To reduce the high background liver radioactivity in immunoscintigraphy using "In-labeled
monoclonal antibody (In-MoAb), we investigated the effect of dietylenetriaminepentaacetic acid
(DPTA) on the in vitro stability of In-MoAb in human serum and the biodistribution of In-MoAb in
tumor-bearing mice.

In-MoAb was incubated for four days in human serum at 37°C (pH 7.4) in a humidified atmosphere
at 5% CO,. The serum sample was analyzed by high performance liquid chromatography every day.
Indium-111 gradually transferred from the conjugate to the fraction of transferrin. When DTPA was
added to the serum, radioactivity in this fraction disappeared completely and moved to the fraction of
DTPA.

The daily administration of DTPA to the mice after injection of In-MoAb reduced radioactivity in
the normal tissues, especially in the liver after the second day, and improved tumor to normal tissue
ratios. Scintigraphic examination also revealed apparent decrease of the liver radioactivity in the mice
administered DTPA.

These results indicate that *'In dissociated from the conjugate is one of the causes of nonspecific
accumulation in the liver and it is possible to decrease this accumulation by the daily administration of
DTPA.
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METERIRRHE, Welch's t test iIoTTTV, p<
0.05LN TR2HFREED Y LHEL.
# R
1. MoAb & & U DTPA #& MoAb oiE&E
#

YK-1, DTPA-YK-1 ® SCC-3 i3+ % K fit
H421.8%x10% ¢, TFS-5, DTPA-TFS-5® NCI-
H69 =335 Kz 7.0x10"cH b, DTPA

et 3AEEDETRIEDbhh o T,

BEEEHL Y R YK-1 0 SCC-3 w3 5B

P 1x TFS-5 © NCI-H69ww -+ 5 Bt X b #
2.6 M7,

2, MIn REMGFEOMBER TOREM

RFFREEI159 T IgG, 244 TDTPA TS L
fclln v —22%bh, 2 v e —L0FICE
WTERBCHEmML21Ta0 e —2 % T 4 &
L7=(Fig. 1). DTPA Zinz 7o\~ b O TIEERR
1z I1gG HEOHEDEIE 1 EA L, T sEOE
EH#EmMLI, DTPA iFinBETIX, WhoEic
BT hIRIEERET, #FNIC 1gGC SEOEE D
BAnHBRE OO, FERMFTLENEOEE

C *2
%1
*3
e’ \_,_,./\—l\_.__
I T i
0 10 20 30

Retention Time (min)

Fig. 1- Size-exclusion HPLC radiochromatograms
obtained by analysis of '"'In-DTPA-YK-1 in-
cubated in human serum (A) and in DTPA-added
serum (B) after 2 days. (C) is the profile of this
serum mixture demonstrated by u. v. absorbance
at 280nm. * 1: IgG fraction, * 2: T fraction, *
3: DTPA fraction.
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Table 1 Stability of "'In-labeled YK-1 in human

serum
DTPA Radioactivity (%)*
(mg) oG T DTPA
day 0  96.1 3.5 0.4
0.1 93.2 1.0 5.8
0.5 92.6 0.8 G.6
2.0 91.4 0.3 8.3
2days 0 92.6 6.8 0.6
0.1 89.7 0.0 10.3
0.5 91.8 0.0 8.1
2.0 86.7 0.0 13.3
3days 0 7.7 19.7 2.6
0.1 80.0 0.0 15.4
0.5 82.9 0.0 18.1
2.0 86.2 0.0 11.8
ddays 0  55.7  40.6 3.7
0.1 78.6 0.0 21.4
0.5 75.8 0.0 24.2
2.0 78.8 0.0 21.2

*Percentage of radioactivity in IgGG, T and DTPA frac-
tions obtained from HPLC. T fraction is the serum
protein containing transferrin.
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fads o tz, 1gG SE O L4, DTPA SED
Bin»gRd bt (Table 1),
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Table 2 Biodistribution of '*'In-labeled YK-1 in Muscle 0 1.1740.26 1.1840.20
mice bearing SCC-3 0.5  0.95+0.14 0.55+0.09¢
T 0.99+0.44 0.47+0.16°
DTPA Days after injection
(rng) Eone 0 3.22+0.64 3.80+0.89
g 2 4(days)
0.5  2.46%+0.47 2.78+1.00
Blood 0 4.25:+1.84° (4 1.38+0.16 (5) 2.0 1.0140.35° 2.04+1.99%
0. .22:+1. ) 1.25+0.40
2 (5} z ?;; Sg E:: 0,000, 556 Eii Tumor 0 49.25+16.12 33.12+8.07
. ——— " —— 0.5 46.87+12.96 b4.02+3.54
Liver 0 8.62:1.08 9.44+1.46 2.0 35.14+6.63 23.77+8.05
0.5  6.65+1.05" 4.30+0.47¢ — — r
2.0 4,740,920 2.89+0.60° Data are &:.hown as % injected dose pet' gram of tissue.
MNumbers in parentheses ; number of mice.
Kidney 0 20.60+3.72 18.46+3.30 a: Mean=+S.D.
0.5 13.93+1.81° 8.68+0.60° b p<0.05, ¢ p<0.01 compared with control.
- 2.0 10.88x1.96% 5.45+1.06% ¢, p<0.05, ¢ p<0.01 compared with “DTPA 0.5mg".
Spleen 0 7.8841.33 8.12+1.72
0.5  6.20+0.87 5.96+0.86"
3.0  5.2050.09 b BEEEZIZShEVA, 4 BHETIZDTPA #
Stomach 0 2.2140.14 2.02+0.32 Y g =
tt=zvitr—n 2 N1 L
0.5  1.97+0.56 0.94%0.17¢ T B AH IR R R
2.0 1.2040.22% 0.60+0.14c 1z,
Intestine 0 2.214:0.59 1.95+0.39 Table 3 1% NCI-H69, TFS-5% i\ /- L5 4
0.5 1.904:0.45 1.06%0.13¢ &2 0 %ID/g TH %A, SCC-3, YK-1 DEB & i3
2.0 1.6140.12 0.68+0.11°¢ S v el : -
ER CER A SR, M TiLEEs, DTPA
Lung 0 4.1340.88 3.35%0.80 - P
. =1 +) I~ - =
0.5 3.01+0.56 1.92+0.75° D?Q% E.“'-—JJL\ L-CAID/‘g ﬁh1&1 L.]‘\__ H:Fﬁﬁt—gg L
2.0 2.40+0.75 1.69+0.86 Th, =2 ¥ b v = AFFTRERRCERF AL
Heart 0 2.054:0.59 1.93+0.29 7o, DTPA # 58 CIific BRMIcER/BMNMET
0.5  1.86+0.30 1.27+0.15¢ L, 0.5mg B 512 BAL ome B E T3 1
2.0 1.46+0.38 0.80-£0.30 L, 0.5mg &5 P, 2mg 50
A B c
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FFig. 2 Tumor to blood (A), liver (B) and kidney (C) ratios for "'In-labeled YK-1 in mice
bearing SCC-3. (@) . control group. (&) ; group injected with 0.5mg of DTPA and (H)
; group injected with 2mg of DTPA intraperitoneally every day after the injection of ''!
In-labeled YK-1. (#) ; p<0.05 compared with control group. Vertical bars indicate SD.
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Table 3 Biodistribution of '*'In-labeled TFS-5 in mice bearing NCI-H69

Days after injection

DTPA
(mg) 1 2 4(days)
Blood 0 9.28+1.07* (5) 6.67£0.77 (5) 3.21:£0.67(5)
0.5 9.02+1.12 (5 6.194+0.63 (5 2.94:£0.52(4)
2.0 7.92+0.75 (5) 6.00+0.22" (4) 2.76£1.53(5)
Liver 0 7.31+£0.48 8.40+0.65 9.371.16
0.5 7.91+0.74 6.73+£0.38° 4.97+0.7%
2.0 6.44+10.55 6.03+0.29¢ 4.22:£1.31°
Kidney 0 20.89+2.35 20.85+1.77 16.39:£2.52
0.5 21.39+1.95 18.18+2.01 9.79+2.26°
2.0 22.19+1.87 18.75+0.29 7.99:2.58¢
Spleen 0 7.01x1.21 8.61+1.63 7.464-0.97
0.5 6.33+0.54 7.10%+0.95 5.93+1.62
2.0 6.04%+1.07 7.30%0.89 5.5042.09
Stomach 0 2.90+0.29 3.09+1.48 2.670.36
0.5  2.64+0.29 2.40+0.23 1.614:0.46°
2.0 2.49+0.35 2.31+0.12 1.244:0.18°
Intestine 0 3.88+0.23 3.61+0.32 2.484-0.38
0.5 3.50+0.35 3.45+0.25 1.584-0.31¢
2.0 3.47+0.33 2,960,340 1.304:0.26°
Lung 0 5.11+0.33 4.67+0.29 3.6841.02
0.5 5.17+0.79 5.38+2.70 2.521-0.46
2.0 4.77+0.55 3.91+0.24¢ 1.904:0.37
Heart 1] 3.454+0.44 3.20%+0.50 2.554:0.19
0.5 3.15+0.27 2.54+0.27° 1.564:0.18¢
2.0 2.9440.21 2.58+0.12° 1.374:0.43°
Muscle 0 1.79+0.21 1.58+0.36 1.174:0.07
0.5 1.4440.07 1.35+0.13 0.754:0.14¢
2.0 1.52+0.18 1.28+0.15 0.674:0.13°
Bone 0 4.41+0.39 5.46+1.61 3.534:0.68
0.5 4.27+0.46 4.36+0.83 2.644:0.53
2.0 4.27+0.67 4.65+0.88 2.6640.72
Tumor 0 16.03+2.05 18.49:+5.56 15.80+5.33
0.5 13.79+3.34 16.68:+5.03 12.32+1.61
2.0 12.48+2.00" 20.46:+6.30 13.35+5.56

Data are shown as % injected dose per gram of tissue.
Numbers in parentheses ; number of mice.

® . Mean=+$5.D.

b p<0.05, ¢ p<0.01 compared with control.
¢ p<0.05, ¢ p<0.01 compared with “DTPA 0.5mg".
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Tumor / Kidney Ratio
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Fig. 3 Tumor to blood (A), liver (B) and kidney (C) ratios for **'In-labeled TFS-5 in mice
bearing NCI-H69. (@) ; control group. (A) ; group injected with 0.5mg of DTPA and (H)
; group injected with 2mg of DTPA intraperitoneally every day after the injection of !
In-labeled TFS-5. (#) ; p<0.05 compared with control group. Vertical bars indicate SD.
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DEFAAEL, MnDTPAOEIC b D

HobkimEhic,

Fig. 4 Scintigrams of mice bearing SCC-3
taken at 2 days (A and 4 days (B} after
intravenous administration of 'In-
labeled YK-1. Left upper image was
opbtained from control mouse. Right
upper, left lower and right lower images
were obtained from mice injected with
0.5mg, Img and 2mg of DTPA intraper-
itoneally every day after the injection of
Hn-labeled YK-1, respectively. Tumor
{arrowhead) was well defined in the left
flank of every mouse, Radicactivity of
the liver (L) and the kidney were de-
creazed in the mice injected with DTPA.
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2days

CONTROL

Fig. 5 Scintigrams of mice bearing NCI-
H64 taken at 1 day (A}, 2 days (B) and
4 days (C) after intravenous administra-
tion of *'In-labeled TFS.5. Left upper
image was obtained from control mouse,
Left lower and right lower images were
obtained from mice injected with 0.5mg
and 2mg of DTPA intraperitoneally
every day after the injection of '""In.
labeled TFS-5, respectively. Tumor (T
CONTROL was visualized in the left flank of every
mouse, On the image of the second day
(B), indium-111 accumulated in the
lower abdomen of the mouse injected
with Zmg of DTPA, which was the uri-
nary bladder (U) due to **'In excreted to
the urine, Radioactivity of the liver {L)
and the kidney (KJ) were decreased in
the mice injected with DTPA on the

images of the fourth day (C)

£R 4 5 3 250 {119




380

DB b EhA X h, Mikhor )7
FvAREL LD Ay 2 75 v FOEELE S
na,

4, FHEBEREDORID 2 2D MoAb, [EH
DRTCEHHEREZT -1, BHEOKE EHERLD
fedd, WLAHZ LXEEMLMNTGY, BEA
Dlg M b 0EFIE, YK 10K TFSS5X h b
2f5E <, in vitro TOFKEERKEDOED in
vivo TOEFICRM LizbD EE 2 bhic, B
DK ZF XL SCC-30FH A NCI-H69X b sin b kK
<, EBLEORM D IARTINIRDENDS D
DEEZLR, ZOIZEMBMEDOYRID/g A SCC-
3DEBTEL o ER EE 2 b, FrigicBd
LTEWTFhoERICES T IzEREOEFE.
HhIMEFORECLTLSIFAL V2 E2VR
mehich, TOBFICoOWTRRERNFTDH
%, i, Lwmaliic X 5w DTPA »iFifaA
oMnfFBA L2 &, DTPA #5 ¢ st
BEMEEERMIEA LI &, F—2ERERW
AN EHAGREHIB B ETT - BHPHRE
BRick WCHEHEER 7T HE X B BL SR
ZE Xy, —EFMRATY AT In B
ShBTE LM X h 5B F S FE
THLDLEBIND, WThOERICHEWTH
b AD—BEESEEICHYS T 50.5mgoDT-
PA 0#EA# 5, "Mn OEHB~OER A KR X
w5 L, i BERE~OEBRLERZ
®, FHTHAZ LARERN, E6KMIN & X
T tERENRER T B E bR TWA A v b Y D
A (00Y) 28~307% I\~ 5 Radioimmunotherapy 12
BT b e & IE A~ O BIRRE A KR &
BHZENHIRFERS,

BrEzsihich, RIEHEGLEREE, BEM L5
h¥ L BEiEA WHScELAsBEYELET, |
BHEN ok E F LR R FHE, 700 ek
Bl ¥ LABE FBF, E EEMCECH
FrFELET, ¥7o, NCIH69, TFSSEHEE LTk
¥ LAERAYMEESE LI @Ls L EFET,
fods, AWXO—WITHOEEAELHHBELBL, £
30E A ABES BRI TRELL,

X M

1) Goldenberg DM : Immunodiagnosis and im-

(120)

2)

E))

4)

5)

6)

()]

8)

9

10

—

11

st

12)

WInEss i ko N o ARIc S 2 5 DTPADEHR

munodetection of colorectal cancer. Cancer
Bull 6: 213—218, 1978

Mach JP, Buchegger F, Forni M, et al: Use of
radiolabelled monoclonal anti-CEA antibodies
for the detection of human carcinomas by
external photoscanning and tomoscintigraphy.
Immunol Today 2: 239—249, 1981

Larson SM: Radiolabeled monoclonal anti-
tumor antibodies in diagnosis and therapy. ]
Nucl Med 26 : 538—545, 1985

Rainsbury RM, Westwood JH, Coombes RC, et
al: Location of metastatic breast carcinoma
by a monoclonal antibody chelate labelled with
indium-111. Lancet 2 : 934—938, 1983
Halpearn SE, Hagan PL, Garver PR, et al:
Stability, characterization, and kinetics of '*!
In-labeled monoclonal antitumor antibodies in
normal animals and nude mouse-human tumor
models. Cancer Res 43 : 5347—5355, 1983
Murray JL, Rosenblum MG, Sobol RE, et al:
Radioimmunoimaging in malignant melanoma
with !"In-labeled monoclonal antibody 96.5.
Cancer Res 45: 2376—2381, 1985

Abdel-Nabi HH, Schwartz AN, Higano CS, et
al: Colorectal carcinoma: Detection with
indium-111 anticarcinoembryonic-antigen
monoclonal antibody ZCE-025. Radiology 164 :
617—621, 1987

Koizumi M, Endo K, Watanabe Y, et al: Pha-
rmacokinetics of internally labeled monoclonal
antibodies as gold standard: Comparison of
biodistribution of ™Se-,'"'In-'**I-labeled mono-
clonal antibodies in osteogenic sarcoma xeno-
grafts in nude mice. Cancer Res 49 : 1752—1757,
1989

Blend M]J, Greager JA, Atcher RW, et al:
Improved sarcoma imaging and reduced he-
patic activity with indium-111-SCN-Bz-DTPA
linked to MoAb 19-24. J Nucl med 29: 1810
—1816, 1988

Deshpande SV, Subramanian R, McCall M], et
al: Metabolism of indium chelates attached
to monoclonal antibody : Minimal transchela-
tion of indium from benzyl-EDTA chelate in
vivo. J Nucl Med 31: 218—224, 1990
Kalofonos HP, Rusckowski M, Siebecker DA,
et al: Imaging of tumor in patients with in-
dium-111-labeled biotin and streptavidinconju-
gated antibodies: Preliminary communica-
tion. J] Nucl Med 31 : 1791—1796, 1990

Paik CH, Yokoyama K, Reynolds JC, et al:
Reduction of background activities by intro-

HAEKSE #52& #3%




13

—

14)

15)

16)

17

p—

18)

19

N

20)

21)

duction of a diester linkage between antibody
and a chelate in radioimmunodetection of
tumor. J Nucl Med 30: 1693—1701, 1989
Kimura Y, Toki H, Okabe K, et al : Establish-
ment and characterization of a monocytic cell
line which expresses the interleukin-2 receptor.
Jpn J Cancer Res (Gann) 77 : 862—865, 1986
Gazdar AF, Carney DN, Russell EK, et al:
Establishment of continuous, clonable cultures
of small-cell carcinoma of the lung which have
amine precursor uptake and decarboxylation
cell properties. Cancer Res 40 : 3502—3507, 1980
HM—, BEFGER, IR, fb o R
ABIEFIF IR T B i 2 2 v —F A HiE,
BhoZsit, 25GH6F15) : 352, 1987

QOkabe T, Kaizu T, Fujisawa M, et al: Mono-
clonal antibodies to surface antigens of small
cell carcinoma of the lung. Cancer Res 44 : 5273
—5278, 1984

Hnatowich D], Childs RL, Lanteigne D, Najafi
A: The preparation of DTPA-coupled anti-
bodies radiolabeled with metallic radionu-
clides: An improved method. J Immunol Meth
65: 147—157, 1983

Scatchard G: The attractions of proteins for
small molecules and ions. Ann NY Acad Sci
51: 660—672, 1949

Sands H, Jones PL: Methods for the study of
the metabolism of radiolabeled monoclonal
antibodies by liver and tumor. J Nucl Med 28 :
390—398, 1987

Hnatowich DJ: Label stability in serum of
four radionuclides on DTPA-coupled anti-
bodies—An evaluation. Int ] Nucl Med Biol 13 :
353—358, 1986

Cole WA, DeNald S], Meares CF, et al:
Serum stability of *Cu chelates: Comparison
with ""In and *’Co. Int ] Nucl Med Biol 13 : 363
—368&, 1986

S

pli3

22)

23)

20

25)

26)

27

28)

29)

300

381

Lockshin A, Stehlin JS: Improved tumor
localization of '''In labeled monoclonal anti-
body with chelator administration to host nude
mice. Eur J Nucl Med 12 : 573—575, 1987
Ward MC, Roberts KR, Westwood JH, et al:
The effect of chelating agents on the distribu-
tion of monoclonal antibodies in mice. | Nuc]
Med 27 : 1746—1750, 1986

Norwood WD : Plutonium(***Pu) toxicity
diagnosis and therapy. ] Occup Med 14 : 37—44,
1972

Lushbaugh CC, Washburn LC: FDA IND
approval for Zn-DTPA, new clinical agent for
decorporation therapy of actinides. Health
Phys 36 : 472, 1979

Hershko C: A study of the chelating agent
diethylenetriaminepentaacetic acid using selec-
tive radioiron probes of reticuloendothelial and
parenchymal iron stores. J Lab Clin Med 85:
913—921, 1975

HE F, EH & KFETF, i MIn Bk
s e —r ARGl REr v F ST 412
B 5DTPA#t S o EHECH T s LA #H
i, BE%E, 29:69—75, 1992

Sharkey RM, Kaltovich F, Shih LB, et al:
Radioimmunotherapy of human colonic cancer
xenografts with *Y-labeled monoclonal anti-
bodies to carcinoembryonic antigen. Cancer
Res 48 : 3270—23275, 1988

Roselli M, Schlom J, Gansow OA, et al: Com-
parative biodistributions of yttrium- and
indium-labeled monoclonal antibody B72.3 in
athymic mice bearing human colon carcinoma
xenografts. J Nucl Med 30: 672—682, 1989
Deshpande SV, DeNardo S], Kukis DL, et al:
Yttrium-90-labeled monoclonal antibody for
thrapy : Labeling by a new macrocyclic bifun-
ctional chelating agent. ] Nucl Med 31: 473
—479, 1990

SFRE 448 3 A25H

(121)



