Accumulation Mechanism of 67Ga-Citrate into
Malignant Tumor
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ml 120.08M 27 > 8 J b U v A¥EHEMA, pH 7.6
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sooY—sAEEL, DERAEESEL L. Z
O k3 CRSECHTE, LT RS il
("Ga) 27 TABY Y FL—¥ 3 vh vy —THE
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Homogenize in 0.25 M sucrose - 0.01 M Tris-HC1, pH 7.6

l filter(nylon mesh)

400Xg, 15 min

Nuclei 5000Xg,

15 min

l

Mitochondria

Microsomes

105000Xg, 60 min

Supernatant‘

Fig.1. Preparation of subcellular fractions by the modified method of Hogeboom

and Schneider.

Tumor or liver
Homogenize in 0.25 M sucrose
filter(nylon mesh)
1000Xg, 10 min

I

Nuclei 3300Xg, 10 min

Mitochondria
(Heavy Mitochondria)

10000Xg, 25 min

Lysosomes
(Light Mitochondria)

Microsomes

105000Xg, 60 min

]

Supernatant

Fig. 2. Preparation of nuclei, mitochondria (heavy mitochondria), lysosome (light
mitochondria), microsome and supernatant fraction by the method described by

Takeda, et al..
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ZTRIERELSE, BERAT7 79— & Dk
SETELLBEBD p= b T2/ —VDEREES
HHEEHTLUTHE 10nm) LTER L. ZOHE
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LAAE, 37 aV—AR0EB L UEEESEIZDVT
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LS, L7 uY—LREB & UTAEESEO SR
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M 3ml DA Ny ) —VERE (A Ly / —00.4g i
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6) HETFHIRE
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7. SEBOVHEOEE - I3 TEB NS
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54 1%

1. “Ga OFEHEEMES & UFBMIRCE T 5|
RASE

“Ga-citrate 85 L BEOEFHAE S L v —
M)y EBOBEOMBAEERERLIGRLE. &
HABOKSE TIZ “Ga 1312.3+2.7%~20.8+
2.0%1H D, BEIDBETLBRMBTLIFEAY
BREACTH-7. 2 bar ) 7HETIRI09%1
9.5+1.8% L/N& s, 1 RERILIIZL5.9+2.9%~
1T4£2.1%DOMcH Y, FLACERIZZ» 7.
270V —LH8ETIR14.7+1.7%~22.5+2. 9% D
ZH 2708, BEFFICI—EDOE™mIZ b -7, L
TRMODEL DIZEHICTAE S, 1038 T60.4+
3.8%THY, 1WMILIETIZ43.245.2%~54.2+
SARDRMIICH D, REFZ—FTOEAIE A LD 5 H
Binois.
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I—N) vy eBIZOWTR, MAETIH11.3+
3.2%~19.622.4%2H D, ZOEIZKE { v,
BEICLPEBNOEALSA LD SN, S hay R
U7 SETHEIRAE R0, B0
ArdHohi. 270V —ARETII2.3£0.8%~
16.1£2.5%CH D, BEHWEIIRED R o7z,
FHETEIERFICKE L, 48.823.8%~66.7+6.6%=
HH, BEHICPLEIOERFRD SN,

“Ga-citrate 25 L EA0HEES v P B LU
VADKBOMBSERREE L ICRL:. SHAE
KTBET v F OFBOBAETIRBS10541E15.5
+3.3%THofcnd, 3EFMBEICIE21.T21.4% 2k
D, DR LrEidanr-7. 2wl b
YR YT AETIHI09%1215.151.3% TH - 7248,
FEFFRICIEINL , 48RS/ 1252.6+3.6% & 2 o 72
270V —AGETIEHLI0ONMEIZIR28.1:1.4% Th-
fent, REFFICEA OERE T L, 48KR%1I01315.3
+1.8%ich o7z, EETHUDEITIZAL.3+4.4% T
HY, INHPRBRCED L, 48SERI%IZIRI2.5
0.8% k%=t

=AUy b EBETBHE~Y A OFBOBE T,
STHETIX16.8+1.9%~25.5+1. 1% DR TR IS 218
AL Shzhof. LHLI bay ) 7HET
21053421213.421.6% TH D, REFHICHIL T48
REEIR1C1349.5+2.6% Lk oz, 2 7 0y — A5 E
TI317.34£2.7%~21.8+1.5% DM H 1, BN
Hor2ERIZED sk o7, BB TIZ050%

Table 1. Subcellular distribution of “Ga in experimental tumors and host livers (by the modified

method® of Hogeboom and Schneider)

Subeellular distribution (%) of "Ga

Tumor Liver
Time after A X " X X
P Nuclear Mitochondrial ~ Microsomal  Supernatant Nuctear Mitochondrial  Microsomal — Supernatant
injection of
“Ga-citrate fraction fraction {raction {raction fraction fraction fraction fraction
Yoshida sarcoma
10 min 14.9+1.3 9.5+1.8 15.2+2.5 60.4+3.8 15.543.3 15.1+1.3 28.1*x1.4 41.3%4.4
60 min 12.3x2.7 16.4+2.1 22.5%+2.9 48.8+2.7 16.8+2.4 27.5+3.3 24.3%1.5 31.4%1.3
3hr 15.2+2.9 15.9+2.9 14.7£1.7 54.2+3.4 21.7x1.4 36.8+3.2 17.5+2.7 24.0+1.7
24 hr 20.8+2.0 16.6+3.2 19.4+2.2 43.215.2 22.5%1.7 40.4%1.6 20.6x1.9 16.5£3.5
48 hr 16.5+1.9 17.4x2.1 19.0£1.9 47.1£5.5 19.6+2.0 52.6+3.6 15.3x1.8 12.5£0.8
Ehrlich tumor
10 min 11.3%£3.2 6.2+2.0 15.8+1.5 66.7+6.6 25.5x1.1 13.4x1.6 21.8%1.5 39.3£3.0
60 min 156.1%2.1 11.3x0.4 14.6x3.1 59.0=5.1 20.6=4.8 20.3x1.4 19.2+0.9 39.9+4.3
3hr 12.4£2.6 9.6%2.5 12.3+0.8 65.7x4.1 16.8+1.9 33.1%3.9 20.6=3.0 29.5+2.3
24 hr 16.8£4.0 16.0%£1.5 16.1+2.5 51.1+2.6 20.3*1.8 47.6x1.3 18.5x3.1 12.6+£2.2
48 hr 19.6+2.4 15.7+2.6 15.9£2.2 48.8+3.8 18.9+2.0 49.512.6 17.3x2.7 14.3x1.8

Values represent the mean + S.D. of three experiments.
In Yoshida sarcoma and Ehrlich tumor, most of “Ga accumulated in the supernatant fraction, and

only a small amount of “Ga accumulated in

the liver,
lysosomes.

the mitochondrial fraction which contained lysosomes. In
however, most of this nuclide accumulated in the mitochondrial fraction containing
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30.3+3.0%Thh, BBLhBLYOERELE D,
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1. “Sc nEMESMIS & UMM 51T 54

faRa#H

“Sc-citrate #BELBEOEFHRAES L UL —
LYy EEOBEOHMBAEORERER2ICRLL.
EFREORSE TIE*Sc X105%123.5+20.7%TH
D, BEICIESIMOER 2R L, 24RFRI&IZIZ16.0x
2.4%izmL7:. T ra Yy FUTAETIEI0GE
4.0+£0.2%ThH-7bDH, FRFHICEZ ICEML,
Q4ARERLITIE36.2£3. 4% EL:. 270V — L0
BT R IR I L 728, LR TIRI04EI
82.541.5% TH-7-bDos, BEZHA L, 24F5H
#%121317.3+0.3%i12% o7, T—N U v EEIZID L
THEHAEOCSS L X CEBLLBERTH- 2.
“Sc-citrate ¥ BELLBEOHEET v P B LU
v ADFROMESBERRELER 2 IR L. SHAE
ETEAES v N OBESETIRES105HIC “Sc 138.7
+1.5% Th-ol-b D, EEEITHML, 24FRHE
ZI322.0+2.6% 0, BBIELACERLELES2-
. S hTY RV THETIRIASHREIOELINTD
D RIEAICRIINL , 24BFRIIZIZ53.812.2% 10
L. 37uy—sBBETIRERILLREIRL, &
BHELL /NS ot ZHIZXL, EETIRI0SE
1266.2+4.3%TdhH - =08, FREHCEZICEIL,

2ABERREITIE4.620.3% o, T— ) v BB
TRE~YAOHE L, FIZEEEEABR SN, &
I ha YR TAECE T AEREMNE LB
I BERA R IR X CEBIL Tz,

. “Ga LU “Sen parFYFPHRE~DER

33

UMb 2 BOBHEE L -1 v EERE
Y AOFED 2 ba P THEANOTMZEOERL
2E 3R L. “Sc 3D 2 b ar U T SEA
DERBIMEFICREL, ZOETIE "Ga & {H
L TWw. LaL, BEURME I “Sc DERILI
EHRES I — LY vy EBIIB VW THX36.2%
3.4%, 36.7+1.2%THBDIxL, “Ga DT
&216.6+3.2%, 16.0£1.5%TH D, “Sc &£ “GaT
KEZERHDH, TRRIOFERD T AV V=24
OTTECTT2EEOENVCLIZIDTHAI EEL
Shtz.

IV. “Ga ,“Sc NEMESZ S L UFRMBRRCE T2

SAVYS —L~DEREMY

1. %Ga 8L U “Sc D71V VY — LERLL

“Ga LU “Sc DEHAEB LT —L Y v iE
BT AMBEOSSENDERLOBRENELER]
ERL:. SHAEOHED Z 4V Y — 4 (light
mitochondria) SEICEEHL TR 2 &, B5108%K
“Ga DERELIZS.2+1.2% TH - 7oh, BEREHELR

Table 2. Subcellular distribution of *Sc in experimental tumors and host livers (by the modified

method® of Hogeboom and Schneider)

Subcellular distribution (%) of “Sc

Tumor Liver
Time after R . X N " K
injection of Nuclear Mitochondrial  Microsomal Supernatant Nuclear Mitochondrial  Microsomal  Supernatant
43 citrate fraction fraction fraction fraction fraction fraction fraction fraction
Yoshida sarcoma
10 min 3.5£0.7 4.0%0.2 10.0£2.3 82.5%x1.5 8.7x1.5 9.0+1.9 16.1=1.3 66.2+4.3
60 min 5.0%1.4 T7.7x1.4 14.0x2.0 73.3x4.9 12.1x3.2 28.0%3.0 14.4%0.9 45.5%3.6
3hr 6.3x1.8 16.4+3.0 14.4%+1.8 63.9+3.8 15.2+1.9 49.1%2.8 14.7£1.5 21.0%4.0
24 hr 16.0%2.4 36.2%3.4 30.5%6.1 17.3+£0.3 | 22.0%2.6 53.8+2.2 19.6+0.7 4.6+0.3
48 hr 16.2%1.7 34.6x3.8 33.4%2.7 15.8%4.0 23.0%2.8 52.5+3.9 18.2=2.8 5.3%0.2
Ehrlich tumor
10 min 7.7+0.2 4.2+0.6 8.7+0.5 79.4%1.2 7.3%+0.4 5.2%0.2 12.1+2.0 75.4%1.3
60 min 8.5%0.4 6.4x1.5 7.3£0.4 77.8%£2.5 14.8x1.1 15.0£3.0 13.7+0.9 56.54:4.6
3hr 9.5+0.8 14.1+0.4 11.2+2.2 65.2+0.9 18.0x1.8 36.1+1.0 13.1%1.9 32.8x4.4
24 hr 18.5+3.4 36.7x1.2 28.0%0.7 16.8+0.6 | 20.3%0.9 53.1+3.6 22.2%1.7 4.4%+0.4
48 hr 17.4%1.6 35.7%+2.8 29.4%1.2 17.5%0.3 17.9+1.1 54.4+4.2 23.7£0.4 4.0£0.2

Values represent the mean £ S.D. of three experiments.
In these tumors and liver, “Sc in the mitochondrial fraction containing lysocsome increased with time

after the administration of *Sc-citrate.
fraction 24 hours after administration.

time.
administration.

microsomal fractions increased with time after administration.

In the case of liver about 53% of “Sc accumulated in this
Conversely, “Sc in the supernatant fraction decreased with
In the tumors, about 36% of “Sc accumulated in the mitochondrial fraction 48 hours after

But “Sc in the supernatant fraction decreased with time. *“Sc in the nuclear and
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Fig. 3. Accumulation rate (%) of “Ga and *“Sc
in mitochondrial fraction (containing
lysosome) of tumor and liver. A, Animals
administered with “Ga-citrate: B, Animals
administered with *Sc-citrate.

B8 Accumulation rate (%) of “Ga or “Sc in
mitochondrial fraction (containing lysosome)
at 10 min after administration.

(1 Accumulation rate (%) of *Ga or “Sc in
mitochondrial fraction (containing lysosome)
at 60 min after administration.

Accumulation rate (%) of “Ga or “Sc in
mitochondrial fraction (containing lysosome)
at 3 hr after administration.

Accumulation rate (%) of “Ga or *Sc in
mitochondrial fraction (containing lysosome)
at 24 hr after administration.

Accumulation rate (%) of “Ga or “Sc in
mitochondrial fraction (containing lysosome)
at 48 hr after administration.
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Table 3. Subcellular distribution of “Ga and “Sc in experimental tumors and livers (by the method
described by Takeda, et al. ')

Time after Subcellular distribution (%) of “Ga Subcellular distribution (%) of “Sc
:né:?:: d Nuclear  Mitochondrial  L: }] 1i S Nuclear Mitochondrial  Lysosomal  Microsomal Supernatant
citrate fraction {raction fraction fraction fraction fraction fraction fraction fraction  {raction
Yoshida sarcoma
10 min 17.24£3.5 9.5+2.8 8.2+1.2 9.0+0.5 56.1%4.4 12.8%3.1 4.3%0.6 6.3x1.0 10.5+0.5 68.1+4.8
60 min 17.8x1.5 13.2%2.7 13.7£1.8 8.7%0.4 46,63.3 18.6::4.8 9.3+£2.7 7.3+0.6 8.0%0.4 56.8+3.0
3hr 22.642.5 13.6%2.3 14.7+2.0 10.80.8 38.3+3.5 | 22.2+3.0 10.1%0.2 12.1%1L7 11.4x2.7 4.2£3.4
24hr 2.3%1.9 10.4£0.8 11.8£0.3 21.9x1.7 33.6+0.7 | 22.7%0.2 14.7£1.8 20.9£0.6 19.42.5 22.3%0.2
48 hr 19.9:+0.9 16.7£1.1 10.2+1.3 18.5+1.4 U.7x1.2 22.0£0.7 16.1%0.9 23.5+2.0 20,7+3.3 17.7+£2.3
Ebrlich tumor
10 min 27.2+2.4 3.9+0.3 4.8%0.3 7.7%0.8 56.4%4.1 19.4%0.7 2.6x0.2 3.5+0.5 6.2+0.6 68.3+1.0
60 min 27.4x1.8 5.2£0.9 7.9%1.4 8.7%2.1 50.8:£2.7 20.1£2.3 5.0%0.2 5.20.8 7.5+0.8 62.2+0.8
3br 30.7x2.3 5.6x1.4 9.00.8 6.920.7 47.813.2 24.2%1.4 8.9+0.9 8.2x1.4 11.622.3 49.1+3.4
24 hr 33.544.0 7.9%2.3 8.2x1.3 10.8£1.2 39.6%3.0 | 38.9x1.7 11.9:3.4 14.4x1.6 17.5%1.5 17.3%2.1
48 hr 31.543.4 8.7x1.1 12.0:+0.2 23.0x+2.1 24.8%2.6 | 33.7x1.8 13.91+0.8 19.8+0.3 25.9%1.3 6.7x1.3
Liver of mouse
10 min 39.8:0.5 3.5%0.8 5.7+0.9 10.71.5 40.3x1.0 26.9%1.9 2,3%0.1 3.9+0.3 7.3x2.1 59.6+2.7
60 min 4.8x1.3 T.4x1.5 11.4£0.3 11.10.8 26.3+3.2 35.3%3.1 6.6+1.3 11.110.8 8.9x0.7 38.1+2.9
3hr 3%.1x1.6 10.2+1.3 148211 11.6x3.2 27.3x3.1 44.5%4.8 8.9+1.3 14.1£0.6 8.7x2.9 23.8+0.4
24hr 52.9:0.2 11.3+1.2 22.1%1.0 6.4%0.1 7.3%0.5 $8.0x1.1 11.6%0.8 2.7x1.7 8.3+0.8 3.4%0.6
48 hr 52.4%0.3 11.3%20.7 22.240.9 3.8%1.1 10.3£2.3 58.0+0.6 11.2£0.5 2.9%1.3 4.0%0.5 5.9%1.1

Values represent the mean £ S.D. of three experiments.
In Yoshida sarcoma and Ehrlich tumor, “Sc in the lysosomal fraction increased with time after
administration of a mixture of “Ga- and “Sc-citrate, and about 20% of this nuclide accumulated in

this fraction 48 hours after administration.
and did not increased with time.
were almost same values.

But a small amount of “Ga accumulated in this fraction
In liver, the accumulation rates of both nuclides in this fraction
These facts mean that the disruption of lysosome did not occur in the

fractionation procedures because “Sc readily accumulated in the lysosome of tumors. Most of “Ga
exist in the cytosol of tumor cells, and “Ga did not accumulate essentially into the tumor lysosome.

Accumulation rate (%o)

250F A 250! B 250t C
*
X

20.0 20.0 20.0

15.0 15.0

10.0 10.0

5.0 5.0

/6 1 3 24 48y Vs 1 3 24 48 e 1 3 24 4By,
Time after administration
Fig. 4. Accumulation rate (%) of “Ga and “Sc in lysosomal fraction of tumors

and liver.
A, Yoshida sarcoma; B, Ehrlich tumor ; C, Liver of mouse.
O---O, radioactivity (“Ga) ; @—®, radioactivity (*Sc).
*p<005 vs. “Ga by two-way ANOVA followed by Scheffé’s multiple
comparisons.
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BABTO%, Dunnett 0% BB % v CRER
Endz (p<0.05). ZOHREITT AV — b EE
SEBLTVWBEILE2RLTLS.

V. "Ga BL U “Sc 0ESYWE

"Ga-citrate RS LIBEOZ LY v LEOE
BEEMSICRLE. 72FF+—YEwLD, 580
RIASEL -, RISRSYs 3000rpm (1500 X g)
TREE G 72 302, EEICIZ40~60% 0
Ga BFEEL T, ZOFLER2LT7 77 v 7 R
Gl0 Dy vru~v b 757 412k, &7 “Gafbe
MeERBEL, £-ELMOLETR LT, ZOEIC
~LTz.

HD &5 “Ga E&MoOBEHBEBIE I O — 2
ERL, B, B2, BIC—212, »5AEML
RRIGEREMO LHERO “Ga O HEED2.8%
21.8%, 61. 9% HEHIE T IZHIE S N 7. BB & 79
BWELTOLIXEMH»SHBILT, Bl —2ikRAF
R 2—L (BFFRAFLE), B2 — 23 078E
1A, B3 -7 3 BEWD “Ga BN 3.
Na;*S0. 2 %5 L - BE ZORWERLE. S 0
E—2bZD320C—7iz—HKLTHD, H1r—
ZEB2E =7 D S ZHRBAEEY L 2 SO
THY, BIC—7D S FIEHOREBA 4> Tho
oL ALY ) VRIEICE BT OV BDEEER
Ga DE1E—7 EHEIE— 21— L T2,
Ga DE2E— 7 DMUBIZR YOV BOY — 27 1353
wohgipols. B—=Y—RKISICL B 287 L7 3
JEBOEBETHEIY— 27838 —2713 “Ga & —
BHLTwied, B2E—7TlH “Ga D — 27 Ligm
HEODINTBY, u—) —RIEOBE2C— 27137 7 +
T—Y¥EDY v ICHRT LD EEZ N, &

nuclear,

mitochondrial, lysosomal, microsomal and supernatant fractions of tumors and

liver

Relative specific enzyme activity of acid phosphatase (%/mg)

Nuclear Mitochondrial Lysosomal Microsomal Supernatant~

fraction fraction fraction fraction fraction
Yoshida sarcoma 1.6+0.2* 2.7£1.0% 4.240.1 2.8+0.4% 2.5+0.2%
Ehrlich tumor 3.9x£0.7%* 4.5+0.1* 7.1+1.3 3.2%x0.3* 2.4%£0.1%
Liver of mouse 0.8£0.2* 0.9+0.3%* 1.84+0.2 0.4+0.1%* 0.9£0.2%

Results are expressed as acid phosphatase (%) per protein content (mg).

Values represent the mean + S.D. of five animals.

This value of acid phosphatase

for the lysosomal fraction was the largest among five fractions of tumors and liver.
Naturally, this fact attests that the lysosome accumulated in the lysosomal fraction.
* p<0.05 vs. lysosomal fraction by one-way ANOVA followed by Dunnett's multiple

comparisons.
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Fig.5. Sephadex G-100 chromatography profiles for Ehrlich tumor digested with

Actinase E at 37°C for 48 hours.

A, Tumor sample of animal administered with “Ga-citrate; B, Tumor sample
of animal administered with “Sc-citrate. @—@®, radioactivity of “Ga or *“Sc;
B—M, radioactivity of *S: A—aA, uronic acids concentration (Orcinol
method) ;: O---O, protein concentration (Lowry’s method).
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Abstract

This study was undertaken to evaluate the role of the lysosome in the uptake of “Ga in
malignant tumor tissue and to elucidate the accumulation mechanism of “Ga in malignant
tumor. “Sc concentration in tumor lysosome was found during the investigation of the
lysosomal accumulation of “Ga and other nuclides. A mixture of “Ga and “Sc-citrate was
administered to tumor-bearing animals. Tumor and liver were excised at selected intervals
after administration of these nuclides. Each tissue was homogenized and the lysosome was
separated. The respective radioactivities for “Ga and “Sc in the lysosomal fraction were
measured by the well type scintilation counter, using the different physical half-lives of
these nuclides. From this experiment the following results were obtained. It was clear
that the disruption of lysosome did not occur in the process of the fractionation procedures
because “Sc readily concentrated in the lysosome of tumors. Most of “Ga existed in the
cytosol of tumor cells and a small amount of this nuclide accumulated in the tumor
lysosome. Concerning the accumulation mechanism of “Ga in tumor tissues, Swart-
zendruber and co-workers claim that the lysosome plays an important role. But it was
clear from our results that lysosome did not play an important role in the tumor
concentration of “Ga. These nuclides readily concentrated in the lysosome of liver, and
the concentration rates were very similar. “Ga was bound to the acid mucopolysaccharide
with a molecular weight of about 10,000 dalton while “Sc was bound to the acid
mucopolysaccharide whose molecular weight exceeds 40,000 dalton. It was presumed that
the difference of lysosomal accumulations in tumor tissues were caused by the difference of
binding substances of these nuclides in tissues. From the above-described results, it was
concluded that lysosome did not play an important role in the tumor concentration of
“Ga. It is reasonable to consider that “Ga is taken up into the tumor tissue and
connective tissue (especially inflammatory tissue), and is bound to the acid mucopoly-
saccharide in these tissues, as was reported previously.




