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Abstract-The cytotoxicity of titrated gallium nitrate (NSC 15200) to EMT-61 UW 
mouse sarcoma celts growing in vitro was assayed as growth inhibition in treated 
cultures as well as cell survival (colony-forming ability) after acute or chronic exposure 
to graded doses. Gallium nitrate is both cytostatic and lethal to cells, with some growth 
inhibition occurring after chronic exposure to low doses (10 @g/ml) which kill essen- 
tially no cells. Cell kill and growth inhibition were both observed if cells were exposed for 
24 hr br more to doses greater than 50 @g/ml. The growth inhibitory and lethal effects 
of gallium nitrate were enhanced by the addition of human transfer+ to the medium. 
This enhanced toxicity was consistent with, and lrsoportional to, the increased gallium 
uptake in the presence of transfewin rather than a direct effect of this iron transport 
prokin. The addition of ferric citrate greatly reduced the toxic effect of the gallium salt. 
Cells in stationary plateau $hase cultures appear to be as sensitive to gallium nitrate as 
extinentially growing cells. Gas+ may mimic Fe’+ in some aspects of cellular metabol- 
ism, and competition between the two metals occurs at the initiul uptake step, binding to 
transfer&t, and possibly at other points in cell metabolism. 

INTRODUCTION 
GALLIUM nitrate (NSC 15200) and other stable 
gallium salts have antitumor effects in several 
rodent tumors and also inhibit the growth of 
tumor cells in vitro [l-3]. The in vivo studies 
employed 10 daily fractionated doses; tumor 
growth delay, host life extension, and percent 
cures at 4 months were the endpoints of res- 
ponse. Cells in vitro were exposed chronically 
to gallium nitrate and response was assessed as 
growth inhibition. Although antitumor activity 
was verified by these studies, fractional tumor 
cell survival as a function of gallium dose has 
not been presented. This can be done to quan- 
tify cell kill for cells exposed to radiation and 
most chemotherapeutic agents if the tumor 
system used is amenable to cell survival assay by 
cloning techniques. Response following acute 
exposure to high doses was not reported in 
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these systems, nor was the effect of cell proli- 
feration on sensitivity measured. 

Recently we have utilized the EMT-6/UW 
sarcoma-like tumor system to study the 
mechanism of uptake of tracer levels of [fi’Ga] 
citrate [4,5]. This tumor grows in vitro as a 
monolayer culture or in vivo as a solid tumor in 
BALB/c mice. Concentration of [67Ga] citrate by 
cells in both growth modes has been studied. 
We have shown that exogenous transferrin is 
necessary for cells in vitro to concentrate [‘j’Ga] 
above the level in the medium [6], and trans- 
ferrin has been implicated in the in vivo ac- 
cumulation of this metal ion as well [4]. [67Ga] 
bound to transferrin has been isolated from 
lysates prepared from EMT-6/UW tumors after 
injection of p7Ga] citrate [7]. 

Uptake and intracellular incorporation of 
tracer levels of [5gFe] and [‘j7Ga] share several 
features in common. EMT-G&W tumor cells 
concentrate r5’Fe] as well as [67Ga] in the 
presence of transferrin, and the same cell sur- 
face transferrin receptor is implicated in up- 
take of the two metals [5]. Our recent work [8] 
and reports by Harris and Sephton [9] have 
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also shown that prior or concurrent exposure 
of cell cultures to stable iron as ferric citrate 
inhibits uptake of tracer [‘j’Ga]. 

We now report the results of our studies on 
the cytotoxic effect of stable titrated gallium 
nitrate on EMT-6/UW cells growing in vitro, 
using colony-forming ability (reproductive in- 
tegrity) of individual cells as well as growth 
inhibition as endpoints of response. Exogenous 
transferrin enhances the cytotoxic effect, while 
stable ferric citrate protects against these salts. 
These results suggest that better knowledge of 
iron metabolism in tumor cells would yield 
insights into the mechanism of the cytotoxicity 
of gallium compounds. 

MATERIALS AND METHODS 
EMT-6/UW cells were grown in Waymouth’s 

MB 752/l medium supplemented with 15% 
fetal calf serum (Flow Laboratories, Inglewood, 
CA), 100 units of penicillin and 100 pg strep- 
tomycin sulfate/ml. For experiments with 
exponentially growing cells, cultures were 
seeded with lo4 cells/cm2 in 25 cm2 Falcon tissue 
culture flasks or Ambitubes with a flat 5.5cm2 
growth area (Lux Scientific Corp., Newbury 
Park, CA). Fed plateau phase cultures were 
initiated with 5 X lo4 cells/cm’. Medium was 
changed daily and a stable cell number of - 8 x 
lo5 cells/cm2 was attained by day 3 or 4. 
Depending on the experimental protocol, cul- 
tures were supplemented with gallium or iron 
salts, with or without exogenous human trans- 
ferrin (Tf) (Type B, greater than 90% iron- 
free, Sigma Chemical Co., St. Louis, MO). 
Citrated gallium nitrate (NSC 15200) was pro- 
vided by the Division of Cancer Treatment, 
National Cancer Institute, as a solution in dis- 
tilled water. It was diluted in Waymouth’s 
medium immediately prior to addition to cul- 
tures. Iron was added as ferric citrate ap- 
propriately diluted in tissue culture medium. 
The titrated gallium nitrate preparation allows 
gallium salts to remain in solution at physiolo- 
gical pH. Gas+ citrate is generally favored at low 
pH (< 4.0), with hydroxides predominating at 
higher pHs [lo]. Because the gallium was 
presumed to be present as Ga’+ citrate, the use of 
ferric citrate as the competing iron compound 
was deemed appropriate. 

To measure the actual cellular uptake of 
stable titrated gallium nitrate, it was sup- 
plemented with 1.0 pCi/ml carrier-free r6’Ga] 
citrate (Mediphysics, Emeryville, CA) in some 
experiments. After an incubation of 4-48 hr 
with stable gallium salt plus [6’Ga] citrate, cells 
were washed, harvested by trypsinization and 
pelleted by centrifugation, as described by 

Larson et al. [6]. Radioactive medium and the 
first rinse were saved as standards for counting. 
Cell pellets and medium samples were counted 
in a Packard Autogamma well-type scintillation 
counter. Uptake of radioactive gallium was 
expressed as % radioactivity incorporated per 
IO’ cells, allowing calculation of total gallium 
uptake as micromoles of gallium salt. 

Growth inhibition was determined by per- 
forming counts of cell number per flask or tube 
at various times after addition of cytotoxic 
and/or protective agents, using a Royce elec- 
tronic cell counter. Clonogenic cell survival was 
determined by colony-forming ability of cells 
trypsinized from treated cultures. Cells were 
plated at low density in 60-mm Petri dishes 
containing 5 ml of Waymouth’s medium and 
were allowed to grow undisturbed for 12 days. 
Colonies were fixed and stained with 0.25% 
crystal violet in formalin-ethanol fixative. All 
colonies containing more than 50 cells were 
counted and cell survival was expressed as 
(plating efficiency of treated cells)/(plating 
efficiency of control cells). Plating efficiency of 
control cultures ranged from 75-90%. The 
product (total cell number/flask or tube) x 
(fractional cell survival) = (number of viable 
cells/flask) was calculated. This was used to 
quantitate cell response following chronic 
exposure to gallium compounds, a useful ap- 
proach when cells are being born as well as 
dying during the course of treatment and when 
the agent being tested is growth-inhibitory as 
well as lethal. This type of data analysis has 
been used for cells treated in vitro with low 
dose rate radiation from radium and 252Cf [ 111. 

RESULTS 
The growth inhibition of exponentially 

growing EMT-6/UW cells by graded doses of 
titrated gallium nitrate is shown in Fig. 1. The 
ability of exogenous human transferrin to 
enhance the cytostatic and lethal effect of 
titrated gallium nitrate is also shown in Fig. 1. 
The concentration of Tf used, 0.25 mg/ml, was 
chosen because it was maximally effective in 
enhancing uptake of tracer levels of [‘j’Ga] 
citrate [5]. However, a lower Tf concentration, 
0.025 mg/ml, was nearly as effective in promot- 
ing cytotoxicity of stable gallium nitrate. In 
studies of in vitro uptake of [67Ga] citrate, this 
lower concentration of Tf also enhanced up- 
take of the nuclide. Incorporation was typically 
-35% of that stimulated by 0.25 mg/ml Tf [5]. 

(Surviving fraction) X (total number of 
cells/culture tube) equals the number of viable 
cells per culture tube following treatment with 
titrated gallium nitrate. This is shown in Figs 
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Fig. 1. Growth inhibition of exfhmentially growing EMT- 
61 UW cells by various concentrations of titrated Ga(NOs)s (NSC 
15200) with or without transfmin (0.25 mg/ml). Cultures were 
established with 2.75 X ld EMT-~/IVY cells in 1.1 ml Way- 
mouth’s medium + 15% FCS, containing the specified amounts of 
Ga(NO&. Each point is the average of cell counts done on 2 

replicate cultures. 

2a-c. Various concentrations of gallium nitrate 
were added at the time the cultures were 
established and cells were plated for survival 
determination 4, 24 or 48 hr later. Acute 
exposure, even of doses up to 200 pg/ml, 
produced essentially no cell kill (Fig. 2a). 
Chronic exposure reduced surviving fraction as 
well as number of viable cells per tube, but a 
48-hr exposure was required before the effect 
of Tf in enhancing cell kill could be seen 
(Fig. 2~). 
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Fig. 2a. 
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Fig. 2. Cell survival in ex@mentially growing EMT-6IlJW 
cultures established and allowed to grow for various times in 
culture medium containing graded doses of gallium nitrate with 
or without 0.25 mg/ml transferrin. Surviving cells/culture tube is 
the product (total cells/tube) X (suwiving fraction). Surviving 
fractions were determined by the ability of treakd cells to form 
colonies when plated at low den&y, as described in MakriaLc and 
Methods. The control cell plating e&iency was 75-90%. Each 
point is the mean ? standard ewor for all cell numbers plakd at a 
specified dose. (a) 4-hr exposure; (b) 24-hr exposure; (c) 4&hr 

ex#osure. 
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Experiments with tracer [67Ga] citrate showed 
that exogenous transferrin was required for 
EMT-6/UW cells in vi&o to concentrate this 
nuclide above levels in the culture medium [6]. 
It was therefore assumed that the enhanced 
cytotoxicity of gallium salts in the presence of 
added Tf was due to greater uptake, rather 
than a direct effect of this serum protein. This 
was tested directly by supplementing titrated 
gallium nitrate with [6’Ga] citrate, either 
without or with Tf (0.25 mg/ml). Cellular up- 
take, expressed as pmol Ga+s/lO’ cells, is shown 
in Fig. 3. At each stable gallium concentration 
there was more uptake in the presence of 
transferrin and the effect is most pronounced 
at the long exposure times (48 hr). As noted 
above, 48 hr was the earliest time at which a 
difference in surviving fraction and number of 
viable cells/culture tube was observed between 
the transferrin-containing and transferrin-free 
samples. The increased uptake of gallium in 
the presence of transferrin is consistent with 
enhanced cytotoxic effect. Table 1 compares 
gallium uptake (pmol/cell) vs surviving 
cells/flask expressed as percentage of controls. 
For the 4%hr exposure time the lowest survival 
is seen for cells with the highest gallium con- 
tent. 

2.0 
2.6 

j z _y 2.0 

Absdute uptake of gallium nitrate 
by EMT-6lUW cells 

_ . 
.E 0.0 
% 0.6 

9 0.4 

0.2 

/ml-d: 25 50 25 I 25 50 
Hours : 4 --zi ds 

Fig. 3. Absolute uptake of stable citrakd gallium nilrate by 
ex@nen&ally growing EMT-61 UW cells in vitro. Various con- 
centrations of stable gallium salts were supjhmenkd with [g’Ga] 
citrate (1 &i/ml medium), with or without 0.25 mg transfer- 
tin/ml. Cells were harvakd at he i&c&d rimes and counkd 
for T’Ga] incorporation in a Packard Autogamma well-we 
scinrillation counkr. Uptake was then cakulakd in pmol gal- 
lium/10’ cells. The horizontal arrows indicak up& equivaknl 

lo equilibration with medium. 

gallium content/cell was measured. Therefore, 
although the trend is clear, a direct comparison 
between survival and uptake cannot legiti- 
mately be made. 

At 4 hr, gallium content/cell is lower and Transferrin is principally an iron transport 
surviving percentage is slightly higher in cul- protein and enhances the uptake of tracer 
tures containing 25/pg gallium nitrate/ml, with levels of [5gFe] as well as [6’Ga] by EMT-G/WV 
or without Tf, than in cultures exposed at cells [5]. It was therefore assumed there might 
50 wg/ml. The cell survival data are from a be other similarities of iron and gallium 
different experiment than the one in which metabolism by these cells which might relate to 

Table 1. 

Incubation 
conditions Ca (Nosh 

GaNOs uptake Surviving cells/flask 

(pglml) Time Tf (pmol/cell X 10’) (% of control) 

0 4 c 0 100% 
25 4 + 3.32 85.3 2 3.8% 
25 4 - 2.79 92.9 + 4.9% 

50 4 + 6.45 82.3 + 4.7% 
50 4 - 5.96 87.4 f 1.3% 

0 48 + 100% 
25 48 + 15.9 53.8 f 1.3% 
25 48 - 6.3 60.6 * 2.1% 
50 48 + 28.3 42.4 2 0.4% 
50 48 - 15.6 67.5 2 1.3% 

*Surviving cells/flask were determined from the product (total 
cells/flask) X (surviving fraction). Surviving fraction was determined as 
the proportion of cells capable of forming a colony when they were 
plated at low density and allowed to grow undisturbed for 12-13 days, 
corrected for plating efficiency of untreated control cultures. 
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the cytotoxicity of stable gallium compounds. 
Exponentially growing EMT-6/UW cells were 
exposed to various concentrations of titrated 
Ga (NO& alone, ferric citrate alone, or titrated 
Ga (NO& plus ferric citrate. All cultures con- 
tained 0.25 mg/ml Tf. Ferric citrate alone had 
little effect on cell growth while titrated gallium 
nitrate alone was highly toxic, as shown above. 
Co-incubation with titrated gallium nitrate and 
ferric citrate markedly decreased the cytotoxi- 
city of the gallium compounds, as measured by 
inhibition of cell growth (Fig. 4) as well as 
number of viable (colony forming) cells/culture 
tube (Table 2). 

Because many chemotherapeutic agents are 
more effective against actively growing cells 
than stationary (plateau) phase cells, the cyto- 
toxicity of gallium nitrate was tested with fed 
plateau phase EMT-6/UW cells as well as 
exponentially growing cultures. The results are 
shown in Table 3 and Fig. 5 for a 24-hr 

EMT-6/UW Cells 
Gallurn n~lrote c~lotox~c~t~ 

. 100 50 

IO’ 
IO 20 30 40 50 60 70 

Hours I” culture 

Fig. 4. Effect of iron (Fe+s) on the res@nse of exponentially 
growing EMT-6IUW cells to titrated gallium nitrate. Cultures 
were established in medium conktining the indicated amounts of 
titrated gallium nitrate, ferric citrate, or both agents. Each point 

is the average of cell counts from 2 refilicatc cultures. 

EMT-6/UW Cells 

(Fed p!alrou cultures) 

Gallium nitrate cytotoricity 

24 hour exposure 

2u 40 60 60 100 
pq /ml gallium nitrote 

Fig. 5. Cell survival in fed plateau phase EMT-61 UW cultures 
exfiosed to graded doses of titrated gallium nitrate for 24 hr after 
attainment of a plateau in cell number. All cultures contained 
0.25 mg transferrinlml. Surviving cells/culture flash is the 
product (total cellsl&sh) x (surviving fraction). Surviving frac- 
tions were determined by the ability of treated cells to form colonies 
when plated at low density, as described in Materials and 

Methods. Control cell plating eficiency was 83%. 

exposure to gallium nitrate, with treatment 
beginning at 96 hr of culture age, after a pla- 
teau in cell number had been reached. The 
results in cell number/culture flask as well as 
number of viable cells/flask (Table 3, Fig. 5) are 
expressed as percentages of control values. 
These are compared with results of similar 
experiments with log phase cells (Table 3). All 
data are given as percentages because the cell 
number/control flask is far larger for fed pla- 
teau than for exponentially growing cultures. 

Table 2. Number of surviving cells/culture tube after 48 hr exposure to 
titrated Ga(NO&: eflect of stable Fe citrate* 

Addition to 
culture tubes 

Number of surviving 
cells tube Percentage of control 

None (Controls) 
50 pg/ml Fe citrate 
50 t&ml Ga(hQ)s 
50 Leg/ml WNOd, 

+ 50 pg/ml Fe citrate 

100 Mm1 Ga(NOs)s 
100 &ml Ga(NOs)s 

+ 50 pg/ml Fe citrate 

1.12 x 106 100 
1.094 x 106 97.1 
8.960 x 10’ 8.0 
7.494 x 105 66.9 

6.266 x ld 0.6 
2.204 x 10s 19.7 

‘All cultures contained 0.25 mg/ml Tf. 
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Table 3. Total cellsljlask and surviving cells/flash as percentages of 
control values for exfionentially growing and fed plateau phase EMT- 

61 UW cultures: 24 hr exposure to Ga(NOs)s* 

Exponentially Fed plateau 
growing phase 

0 (Control) 

10 
25 
50 

100 
200 

0 (Control) 

10 
25 
50 

100 

Total cells/flask as % of control 

100 6.715x l”*$ 
r cells 

1.441x10 Bask 

- 95.3 
88.2 112.8 
76.5 85.2 
67.8 78.2 
33.7 - 

Surviving cells/flask+ as 
% of control 

100(6.50x1Os~) 100 (1441XlO’$) 

- 92.9 f 5.3 
101.7 + 3.21 96.2 f 3.56 
86.4 + 2.21 59.9 2 2.87 
61.020.25 34.2 2 0.41 

*Cell numbers attained per culture vessel differ in exponential and fed 
plateau phase cells. Small culture tubes were used with fed cultures 
while flasks were used for exponentially growing cells. Therefore 
results are expressed as percentages of controls (no Ga nitrate added) 
for comparison. All cultures contained 0.25mg human Tf/ml in ad- 
dition to the specified amount of Ga(NOs)s. Exponentially growing 
cultures were established in Ga(NOs)s-containing medium and were 
harvested at 24 hr culture age. Plateau cultures fed daily reached a 
plateau in cell number by day 4; at that time they were fed with 
Ga(NOs)s containing medium and harvested 24 hr later. 

tSurviving cells/flask was calculated as described in the footnote to Table 
1. 

The percentage of cells in DNA synthesis is 
54.5% in exponential cells and 21.1% in fed 
plateau phase cells [12]. Stationary cultures are 
at least as sensitive as log phase cultures using 
either criterion: cell number/culture vessel or 
number of viable cells/culture flask or tube. 
They may, in fact, be more sensitive. 

DISCUSSION 
Treatment of experimental tumors with gal- 

lium nitrate and salts of other Group IIIa 
metals in the periodic table (aluminium, in- 
dium, thallium) indicated some antineoplastic 
activity for all agents tested [3]. Using tumor 
growth inhibition as an endpoint of response, 
gallium nitrate was more effective against a 
wider range of tumors than were the other 
compounds tested. Greater than 50% growth 
inhibition was observed in seven solid sub- 
cutaneous rodent tumors treated with gallium 
nitrate doses at or near the r.nlo [2]. Gallium 
nitrate was also effective against some ascites 

tumors using host life extension as a measure 
of effectiveness [I], and it inhibited the growth 
of Walker 256 carcinosarcoma and leukemia 
L1210 in suspension culture in vitro [S]. 
Exposure to gallium nitrate in uivo and in vitro 
was chronic rather than acute. Tissue culture 
medium was supplemented with gallium salts 
for a 3-day test growth period [3], and tumor- 
bearing rats or mice were treated with 10 equal 
daily, injections. These approaches suggested 
that the gallium salt was toxic due to a gradual 
accumulation and interference with normal cell 
metabolism, rather than rapid blockage of a 
vital cell function. Because gallium nitrate has 
been studied after chronic exposure only, we 
chose to examine response to acute as well as 
continuous exposure of the EMT-6/UW tumor 
line and to further quantitate tumor cell res- 
ponse in terms of surviving fraction of cells as 
well as growth inhibition. This would allow 
separation of cytostatic effects from lethal 
damage. Furthermore, it seemed appropriate 
to relate the mechanism of uptake and cyto- 
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toxicity to our studies of uptake of tracer levels against S phase cells. While this enzyme requires 
of the tumor-imaging agent, carrier-free [‘j’Ga] iron, the trace metal certainly has other uses in 
citrate, by the EMT-6/UW tumor system. It was the cell. Therefore it is not surprising that a 
assumed that the uptake mechanism would be substance such as gallium, which interferes 
similar for tracer quantities of the radioactive with iron metabolism, could kill both proli- 
nuclide and the stable gallium salts. ferating and non-proliferating cells. 

The investigations of [6’Ga] uptake indicate 
similarities between tracer r6’Ga] uptake and 
iron (Fe”) metabolism in the cell, which sug- 
gested that stable ferric iron compounds might 
protect cells against the toxic effects of gallium 
nitrate. Exogenous transferrin is required for 
EMT-6/UW tumor cells in vitro to accumulate 
[‘j’Ga] citrate above the level in the medium, 
and transferrin is also implicated in the uptake 
of [‘j’Ga] by solid EMT-G/I-W tumors in viva. 
The transferrin receptor hypothesis for uptake 
of carrier-free [67Ga] citrate proposes that [67Ga] 
is taken up by tumor cells in a step-wise 
process: (1) [6’Ga] binds to transferrin 
in tissue culture medium in vitro or in 
the blood in vivo; (2) the gallium-transferrin 
complex binds to a cell surface transferrin 
receptor; (3) the transferrin-metal complex is 
incorporated into the cell by adsorptive endo- 
cytosis; (4) the gallium binds to one or more 
acceptor molecules within the cell after release 
from transferrin (5). Because transferrin is 
principally an iron transport protein, the up- 
take and intracellular concentration of [5gFe] 
citrate was also examined in EMT-6/UW cells in 
vitro, either with or without additional trans- 
ferrin. Tumor cells were found to concentrate 
large amounts of [5gFe] (up to 50% of the iron 
in the medium) per 10’ cells in the presence of 
small amounts of Tf [5]. These results were 
correlated with investigations of the mol. wt. 
profiles of gallium- and iron-binding proteins 
isolated after labelling of EMT-6/UW tumor 
cells in vitro and in vivo [13]. Taken together, 
they indicate that gallium and iron metabolism 
in the cell may share several pathways in 
common. 

This information, taken together with the 
results of studies reported here, suggests a 
possible mechanism for gallium cytotoxicity. 
Stable titrated gallium nitrate is taken up and 
concentrated in the same manner as tracer 
[6’Ga] or [5gFe]. Gallium may compete with iron 
for intracellular binding sites and interfere 
with normal cellular iron metabolism and, 
consequently, with cell proliferation and sur- 
vival. This may act through inhibition of ribo- 
nucleotide reductase activity, although other 
mechanisms are possible because iron is a co- 
factor for other enzymes as well. Studies on the 
rate of release of [5gFe3+] citrate from EMT- 
6/UW cells, even in the presence of excess 
stable ferric iron, indicate that release is slow 
[8]. This suggests that gallium would be cyto- 
toxic only with chronic exposure and would be 
most damaging under conditions which allow 
greater accumulation in the cell, i.e. in the 
presence of exogenous Tf. The slow turnover 
of iron might allow stable gallium to gradually 
exert a toxic effect when present in the culture 
medium for long periods. Our results are con- 
sistent with this interpretation. 

Iron (either Fe’+ or Fe’+) appears to be 
necessary for the function of the enzyme ribo- 
nucleotide reductase [14], and it is also a 
requirement for proliferation of HeLa cells in 
vitro [15,16] and compensatory cell profilera- 
tion in rodent colon after starvation [1’7]. Most 
tumors are more rapidly proliferating than 
many normal tissues, although the dose-limiting 
normal tissues in chemotherapy are frequently 
the renewal tissues with rapid cell turnover. 
Cancer chemotherapy agents directed again 
ribonucleotide reductase have been given 
serious consideration [N-20]. Agents which 
specifically interfere with ribonucleotide 
reductase (viz. hydroxyurea) are most effective 

The ability of stable ferric citrate to protect 
EMT-G/L&V cells from the cytotoxic effects of 
titrated gallium nitrate certainly relates to the 
similar mechanisms of uptake of the two metals 
and may only involve the first step, binding to 
Tf. Tf has a much higher affinity for iron 
(binding constant, K = 9 X lo6 l/mol) than for 
gallium (K = 2.5 X lo5 l/mol) in Waymouth’s 
tissue culture medium [5,21]. Stable ferric 
citrate greatly reduces uptake of tracer levels of 
[6’Ga] citrate into exponentially growing EMT- 
6/UW cells in vitro when both are added con- 
currently [8]. A 24-hr pre-incubation with ferric 
citrate slightly reduces uptake of tracer [6’Ga] 
citrate during a subsequent 24-hr exposure 
period [8]. It is not yet clear whether the pre- 
incubation with iron salts saturates gallium- 
binding macromolecules within the cell. 

If ferric iron and gallium do compete for 
uptake into tumor cells, this may partially 
explain the low tumor toxicity seen to date with 
gallium nitrate in cancer chemotherapy [22]. 
Because iron is a ubiquitous and essential metal 
in normal human metabolism, a more 
thorough knowledge of serum iron levels and 
iron kinetics may be necessary if gallium nitrate 
is to be administered rationally in patients. 
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