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Gallium-67 bound to lactoferrin—an iron-binding protein found in high concen-
tration in polymorphonuclear leukocytes—has been isolated from PMNs that have
previously been incubated with Ga-67 citrate. Although the cell-labeling efficiency
was highly variable (0.026-10% ), much of the activity that did bind to the PNMs
(74.8 £ 10% ) was recovered in the supernatant after sonication and centrifuga-
tion. About half (~47 % ) of the PMN-bound activity was retained after dialysis and
was presumably bound to macromolecules in the supernatant. When this retained
activity was placed on a column containing immobilized antilactoferrin antibody,
almost three quarters of the activity was bound to the column. This bound activity
was (36 + 17 % ) of the total activity absorbed by the PMN. The addition to the anti-
lactoferrin column of a known antigen-antibody-dissociating agent caused the dis-
solution of the complex. No significant activity was bound to a control column. The
findings Indicate that lactoferrin Is a major Ga-67-binding protein present in PMNs
and suggest that it may play a major role in Ga-67 localization in an abscess.
These results support the contention that molecules binding ferric iron have an im- -

portant effect on Ga-67 distribution in vivo.

J Nucl Med 22: 32-37, 1981

Lactoferrin (LF), a protein that binds two atoms of
iron with high affinity, is found in many tissues and se-
cretions in which Ga-67 is known to localize. For ex-
ample, LF is present~in high concentration in human
milk, colonic mucosq:}nasal secretions, cervical mucus,
seminal fluid, and tears (/-3). Previous work from this
laboratory has shown that Ga-67 found in human milk
(4) and tears (5) is bound to LF, suggesting the forma-
tion in vivo of a LF-Ga complex. The exact mechanism
of Ga-67 accumulation in abscesses is unknown, but it
is thought that polymorphonuclear leukocytes (PMNs)
participate (6-8). Recent evidence (9) suggests that
damaged PMNs take up increased quantities of Ga-67.
PMN:s contain relatively high concentrations of LF (22
ug/ 106 cells) (10), and Ga-67 is known to bind to LF
(4,11). These established relationships provide a po-
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tential explanation for Ga-67 sequestration in inflam-
matory processes. We have used affinity chromatogra-
phy to demonstrate the existence of a LF(Ga-67) com-
plex in PMNs.

METHODS

PMN isolation. Following informed consent, human
volunteers provided peripheral venous blood, from which
PMNs were isolated by dextran sedimentation followed
by the Ficoll/Hypaque gradient technique (12). Hy-
potonic lysis was used to remove any contaminating red
blood cells. A white-cell differential count indicated that
more than 90% of the cells in the final preparation were
PMN:Ss.

Cell labeling. Approximately 107 cells were suspended
in 1 ml of normal saline containing 5 millimol glucose
and 1 millimol N-2 hydroxyethylpiperazine N’-2-eth-
anesulfonic acid (HEPES) buffer,* pH 7.4. To assess
PMN membrane integrity, the trypan-blue exclusion test
was performed either just before or after radioactivity
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addition. In either case the percentage of cells excluding
the dye was always between 91 and 99%. The cells were
incubated with 7-28 uCi of Ga-67 citratet for 30 min at
22°C. Plastic test tubes were used to avoid the loss of
activity on glassware. After incubation, the PMNs were
washed at least three times with cold Hank’s balanced
salt solution containing 1 millimol HEPES as the buf-
fering agent.

Ga-67 lactoferrin isolation. After labeling with Ga-67,
the cells were usually resuspended in 10 millimol Tris
buffer (pH 8.0) containing 1 M NaCl and were soni-
cated! for 3 min at 50 watts power for efficient extraction
of LF (10). The sample was placed in an ice bath and
pulse-mode sonication was used to minimize heating.
(Optical microscopy of the sample after sonication
showed only cell debris.) The sample was then centri-
fuged at 30,000 g for 20 min at 4°C to sludge the debris.
The clear supernatant was dialyzed for 3 hr against the
sonication buffer at 4°C. Control experiments showed
that this step equilibrated the sample fully for the im-
pending chromatography, and also removed small mol-
ecules found in the cytosol (water-soluble portion of
cytoplasm) from the sample. The sample was split into
two aliquots, and one was applied to a column containing
anti-LF antibody* coupled to Sepharose 4B. The other
aliquot was placed on a column containing immobilized
antibody to transferrin (TF).*

To learn whether the sonication altered the subcellular
distribution of Ga-67—e.g., transferred Ga-67 from the
surface membrane to LF and/or other proteins—a la-
beled suspension of PMNs was divided into a number of
duplicate aliquots. Forty microliters of a LF solution
(final concentration twice the concentration of LF in
PNM) and 40 ul of buffer were added to a sample and
a control aliquot. These aliquots were incubated for 3,
15, and 60 min at room temperature, then centrifuged
and the supernatant assayed for radioactivity. There was
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no significant difference in supernatant radioactivity
between the control and the sample containing LF.

Affinity chromatography. Affinity columns were
prepared using standard methods (/3,/4). Both the
anti-LF and anti-TF, coupled to Sepharose 4B, were
prepared in batches. An aliquot of each batch was then
poured into a glass column,! 0.5 X 18 cm, yielding ap-
proximately 1.4 ml swollen gel for each antibody column.
It was determined through testing (see herein) that a
column prepared in this manner could be used twice. The
specificity of each antibody column was checked with
solutions of LF* and TF? labeled with Fe-59* and Ga-67,
but containing no unbound radionuclide (/5). When an
Fe-59-labeled LF solution (400 ug) was added to the
anti-LF column, about 99% of the activity was bound.
Since TF is a known Ga-67-binding protein that might
be present with PMNs (/6-18), the anti-LF column was
tested for cross-reactivity with a solution of Fe-59- or
Ga-67-labeled TF (1320 ug). Less than 5% of the added
radioactivity was bound. A similar procedure was used
to test the anti-TF antibody column, and 91% of the TF
(Fe-59) activity was bound (corresponding to 418 ug
TF). When Fe-59-labeled LF (156 ug) was added to the
column, less than 3% of the activity was retained.

Each antibody column bound approximately 400 ug
of antigen, and there was little cross-reactivity. Since the
exact amounts of LF and TF recovered from the PMNs
were not determined, an exact correction for nonspecific
binding could not be derived. However, since the TF and
LF concentrations used in the cross-reactivity controls
were approximately equal to or in excess of expected
concentrations [220 ug of LF (10) and 60 ng of TF per
107 cells (19)], the maximum error in the observed value
of LF-bound Ga-67 would be 5%, due to binding of the
TF(Ga-67) complex to the anti-LF column, and 3% for
the LF(Ga-67) complex binding to the anti-TF
column.

TABLE 1. DISTRIBUTION OF RADIOACTIVITY IN DIFFERENT FRACTIONS OF LF(Ga-67) ISOLATION
PROCEDURE
Mean Range
PMN labeling efficiency (N = 10)
1. % of added activity 1.85 0.026-10
2. absolute uptake
(nCi/107 cells) 23.0 1.74-130.0
Percentage of initial radioactivity in:
Cytosol Macromolecular
PMN fraction fraction
Isolated fractions (N = 4)
1. sonicate supernatant (cytosol) 74.8 (59.3-87.2)° 100°* —
2. dialysis retentate (macromolecules) 47.0 (28.0-66.0) 59.4 (36.4-75.9) 100°
3. bound to anti-LF column 36.0 (17.0-57.6) 45.0 (22.0-66.0) 73.9 (61.4-87.3)
4. bound to anti-TF column 3.0 (1.9-3.5) 3.8(2.5-4.4) 7.0(3.9-11.7)
* Mean + range.
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Fig. 1. Elution profile of dialyzed supernatant from PNMs incubated
with Ga-87 citrate, sonicated, centrifuged (for details see Methods),
and then added to column (0.5 X 18 cm) containing 2 mg of anti-
lactoferrin antibody coupled to 1.4 ml wet Sepharose 4B. Starting
butfer was 10 millimol Tris, pH 8.0, containing 1 M NaCl, and 3.5
M MgCl, was added at arrow. @ = protein concentration as mea-
sured by optical density at 280 nm; A = radioactivity. Numbers at
top of figure represent percentage of added activity in particular
fractions as indicated.

RESULTS

The amounts of Ga-67 bound to the PMN were ex-
tremely variable, both in terms of percentage of the ra-
dioactivity taken up by the cells and in absolute uptake
of Ga-67, nCi per 107 cells (see Table 1). Almost three
quarters of the radioactivity bound to the PMNs was
present in the supernatant of the sonicated cells. The
portion of the Ga-67 activity present in the postsonica-
tion pellet was firmly bound. Repeated washes and
sonications to ensure total cell disruption recovered only
about 20% of the radioactivity in the postsonication
pellet. The sample was dialyzed to determine the fraction
of Ga-67 activity bound to macromolecules in the su-
pernatant: it contained about half of the originally added
activity (Table 1).

The dialyzed fraction of the cell sap containing the
macromolecules was applied to both anti-LF and anti-TF
affinity columns. Figure 1 shows the elution pattern of
the anti-LF column from one such experiment. The
starting buffer, 10 millimol Tris containing 1 M NaCl,
pH 8.0, eluted ~25% of the added radioactivity, whereas
almost 75% (Table 1) was apparently bound to the col-
umn. To test whether this represented a specific
LF(Ga-67) complex bound to the antibody, a 3.5 M so-
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lution of MgCl,, pH 6.4, was added, since high concen-
trations of MgCl, (2-5 molar) and acid solutions are
known to cause the breakdown of the antigen-antibody .
complex (20,21). The MgCl, eluted a small protein
fraction containing 81% of the bound activity. The
MgCl, solution evidently also caused some dissociation
of the LF(Ga-67) complex.

To ensure that the MgCl, solution did dissociate the
LF(anti-LF) complex, a control experiment was per-
formed. Commercially purchased LF, labeled with Fe-
59, was added to an anti-LF antibody column. The elu-
tion profile is shown in Fig. 2. The starting buffer eluted
only an insignificant amount of activity while some
protein was eluted from this column. The eluted protein
probably represented contaminants that are known to
be in the commercial preparation. Upon the addition of
3.5 M MgCl,, a protein fraction containing 82.4% of the
activity originally bound to the column was eluted. The
percentage of the eluted radioactivity corresponded well
with the previous experiment (see before). Therefore, the
MgCl, did indeed dissociate the LF(anti-LF) complex.
This confirms that the protein and radioactivity peak
from the previous chromatogram (Fig. 1) represented
a dissociation of a specific complex and demonstrated
the presence of the LF(Ga-67) in the soluble supernatant
of the PMN sonicate. Moreover, this LF-bound activity
constituted about three quarters of the Ga-67 bound to
macromolecules present in the PMN (Table 1). When
the overall recovery of Ga-67 activity was determined,
based on the total cell-bound Ga-67, about 40% of this
radioactivity recovered in the cells was retained by the
anti-LF antibody column (Table 1). This was not cor-
rected for losses in the pellet following sonication, or for
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Fig. 2. Chromatogram of commercially obtained lactoferrin, labeled
with Fe-59 and applied to column containing immobilized anti-lac-
toferrin antibody. Tris buffer (10 millimol, pH 8) containing 0.15 M
NaCl was starting buffer; all other conditions are as described in Fig.
1.
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Fig. 3. Chromatogram of aliquot of sample in Fig. 1, which was
added to column containing anti-transferrin antibody. Starting buffer
was 10 millimol Tris, pH 8.0, containing 1 M NaCl; all other condi-
tions are as described in Fig. 1.

losses due to dialysis. This figure, therefore, represents
a minimum estimate for the amount of Ga-67 activity
bound intracellularly to LF.

The second aliquot from the dialyzed cell sap obtained
from the PMN sonicate (the macromolecular fraction)
was added to a column containing immobilized anti-TF
antibody. This column served to detect the presence of
TF(Ga-67) and provided a control for any nonspecific
binding of Ga-67 activity. The chromatogram from this
column is shown in Fig. 3. Almost all the protein and
activity were eluted with the starting buffer (10 millimol
Tris containing 1 M NaCl, pH 8.0). On average, only
7.0% was bound (Table 1). The addition of the disso-
ciating agent effected the elution of only a small quantity
of protein containing an insignificant amount of radio-
activity (Fig. 3). In order to ensure that this lack of
binding was actually due to the absence of the TF(Ga-
67) molecule rather than to the dissociation of Ga-67
from the protein due to the high ionic strength buffer,
an additional experiment was performed. Conditions
known to maximize the affinity of Ga-67 for TF were
used (22). This change in conditions had no influence on
the elution profile; little activity or protein was bound to
the anti-TF antibody column under either condition.
This indicated that Ga-67 in PMNs is not bound to TF,
and there is little nonspecific Ga-67 bound to the col-
umns.

DISCUSSION

These results indicate that PMNs, which are rich in
LF (22 ug/106 cells), are capable of forming a LF(Ga-
67) complex in vitro. Moreover, LF appears to be the
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major binding protein for Ga-67 in the neutrophil. These
findings complement previous results, which demon-
strated the presence in vivo of LF(Ga-67) complex in
both milk (4) and tears (5) obtained from patients re-
ceiving Ga-67 citrate.

Our present findings also are consistent with the
previously observed preference of Ga-67 to bind to
neutrophils [isolated from either normal individuals (9)
or patients with chronic granulocytic leukemia (6)]
rather than to lymphocytes, which contain virtually no
cytoplasmic LF.

The variability in labeling efficiency of Ga-67 for
PMN was surprising. However, the values we observed
are within the range of variability noted in the literature:
20 nCi (8) to 1.1 nCi (9) per 10 million cells. We have
investigated this problem and find that the most im-
portant single factor influencing in vitro uptake is the
citrate concentration in the incubation medium (Weiner,
Cohen, Hoffer, et al. in preparation). However, the
variation in labeling efficiency that we observed had no
systematic influence on subcellular distribution of Ga-67:
whereas variability in cell labeling was high, the portion
of the cellular activity associated with LF was relatively
constant (see Table 1).

We have assumed that the LF(Ga-67) complex is
formed by the uptake of gallium into the cytoplasm,
where the LF is present. This is somewhat in conflict with
the work of Tsan et al. (9), who have suggested that
Ga-67 binds to the PMN surface membrane and pene-
trates the cell only when the membrane is damaged. Our
cells were assayed either before or after incubation with
Ga-67 by the trypan blue test, and showed a high per-
centage (91-99%) with nonleaky membranes. Moreover,
a control experiment (see Methods) suggested that the
sonication process did not cause any artifactual transfer
of membrane-bound Ga-67 to LF, and that the LF could
not remove Ga-67 from labeled PMNss. Either of these
transfers of Ga-67 to LF might be expected if a majority
of the radioactivity were surface-bound. Thus at present
it is not apparent why our data appear to show most ac-
tivity in the cytoplasm and relatively little surface-bound
activity, in contrast to the data of Tsan et al. (9).

Since the presence of a LF(Ga-67) complex both in
vivo and in vitro has been demonstrated, there is a sig-
nificant probability that this iron-binding macromolecule
plays an important role in gallium localization in in-
flammatory lesions. This may be accomplished by a
variety of mechanisms. First, Ga-67 may bind to LF in
circulating neutrophils and subsequently be transported
to inflammatory sites. It is well known that PMNs are
attracted to sites of inflammation (23). However, our
results, as well as a recent study by Tsan et al. (9),
suggest that, in vivo, PMNs bind relatively little Ga-67.
Moreover, in patients receiving Ga-67 there is little
cell-bound radionuclide in the blood (24), suggesting
that this pathway may be relatively unimportant.
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Second, and probably more important, apo-lactoferrin
(iron deficient) may be deposited at sites of inflammation
by PMNs and secondarily bind Ga-67. Preliminary re-
sults indicate that Ga-67 has a high affinity for LF, al-
though not as high as that of Fe(III) (/7). A dramatic
increase in LF concentration has been found in a number
of inflammatory processes (25-28). It has been sug-
gested that this increased concentration of LF usually
results from PMNs migrating to the inflammatory site
and depositing this protein (25). Supporting this concept,
Spitznagel and his colleagues have shown that in re-
sponse to a phagocytic challenge, the intact PMN re-
leases about 45% of the LF present in the secondary
granules of the cell (29,30). The majority of this LF
(86%) is secreted into the extracellular space rather than
into phagocytic vacuoles. Moreover, Wright et al. (31)
have shown that PMN exudates bind Ga-67 avidly, and
the increased binding was correlated with increased
extracellular LF concentration in the exudates. Thus,
LF specifically deposited by PMNs at inflammatory sites
would provide the abscess exudate with a large number
of potential Ga-67-binding molecules.

Finally, LF could participate in Ga-67 localization in
an inflammatory process because of de novo synthesis
at the inflammatory site. LF is formed by glandular
epithelial cells (/) and is found in most of the major se-
cretions that bathe mucosal surfaces (2,3). Considering
the antimicrobial action of this protein (32-34), it seems
likely that LF protects against local mucosal infections.
Supporting this hypothesis, increased de novo LF syn-
thesis has been found in a number of inflammatory dis-
eases, namely, human pancreatitis (26), bovine mastitis
(27), and human salivary disease (28).

The presence of an extracellular Ga-67-binding agent,
LF, could explain two recently reported laboratory
findings. First, when the exudates from abscesses in-
duced in rabbits by several methods were centrifuged,
the supernatants contained >70% of the total activity
(9.35). A portion of the supernatant activity could rep-
resent a LF(Ga-67) complex, since rabbit neutrophils
are known to contain LF (36). [Part of the activity in
bacterial-induced abscesses could also represent Ga-67
bound to the bacterial iron-transport molecules, sider-
ophores (22,37).]

Second, when a biopsy of an abscess induced in rats
was subjected to autoradiography, the Ga-67 activity
was diffusely present in the pus (38). The only cell-as-
sociated activity was bound to macrophages, and no
significant activity was found in PMNs. This is consis-
tent with earlier work showing that after injection, Ga-67
found in the thymus, spleen, and lymph nodes of leuke-
mic and nonleukemic AKR mice was bound mainly to
macrophages or histiocytes, with relatively little in
PMNs (39). It has been demonstrated that LF binds to
mouse macrophages and the iron present on the molecule
incorporated into these cells (40,41). Moreover, it has
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been suggested that human macrophages or monocytes
possess LF-binding sites (/0). Although the presence of
LF has not been demonstrated in rat PMNSs (42), it is
possible that the cell-bound activity in the rat abscess was
LF(Ga-67) complexes bound to the macrophage cell
surface or incorporated into the cell [LF would be
present due to its release (exocytosis) from accumulated
PMNs].

In summary, our present findings establish that a
majority of Ga-67 bound to neutrophil homogenates is
associated with LF and suggest that LF is probably the
major binding protein for Ga-67 in these cells. We
therefore believe that Ga-67 localization in most lesions
probably results from a combination of at least two
mechanisms. Ga-67 would bind to LF deposited at the
site of inflammation by PMNs or other LF-synthesizing
cells. Second, as has been described elsewhere (22,37),
siderophores would foster direct bacterial uptake of
Ga-67. The common denominator of this localization is
the similarity of Ga-67 to the ferric ion, and the role of
both siderophores and LF as molecules that bind ferric
iron, and therefore gallium.

FOOTNOTES
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t New England Nuclear Corp., North Billerica, MA.
1 Heat System Ultrasonics, Inc.

I BioRad Laboratories, Inc.

§ Sigma Chemical Co.

ACKNOWLEDGMENTS

This work was supported by DOE Contract Nos. DE-AS02-
78EV04625. A002 and EP-78-S-02-4625. The authors thank J.
Hubberty for help in preparation of the affinity columns and J.
Bushberg for performing the trypan blue exclusion tests. In addition,
the critical reading of the manuscript by M. S. Cohen is appreciated.
We especially thank Dr. R. M. Bennett for a preprint of his manuscript
before its publication. The typing service of R.A. Cherlin is gratefully
acknowledged. A preliminary account of this work was presented at
the 1978 Annual Meeting of the Society of Nuclear Medicine (43).

REFERENCES

1. MASSON PL, HEREMANS JF, PRIGNOT JJ, et al: Immu-
nohistochemical localization and bacteriostatic properties of
an iron-binding protein from bronchial mucus. Thorax 21:
538-544, 1966

2. MASSON PL, HEREMANS JF, SCHONNEE, et al: New data
on lactoferrin, the iron-binding protein of secretions. In Pro-
tides Biol Fluids, Proceedings of the 16th Collogquium,
Bruges. Peters H, Ed. Amsterdam, Elsevier, 1969, pp 633-
638

3. MAssSON PL, HEREMANS JF, DIVE CH: An iron-binding
protein common to many external secretions. Clin Chem Acta
14:735-739, 1966

4. HOFFER PB, HUBERTY J, KHAYAM-BASHI H: The asso-
ciation of Ga-67 and lactoferrin. J Nucl Med 18:713-717,
1977

5. HOFFER PB, HUBERTY J, SAMUEL A: Use of an affinity
chromatographic method to determine relative binding of

THE JOURNAL OF NUCLEAR MEDICINE



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

4.

25.

67Ga to lactoferrin and transferrin in tear fluid. J Nucl Med
19:732-733, 1978 (abst)

. ARSENEAU JC, AAMODT R, JOHNSTON GS, et al: Evidence

for granulocytic incorporation of 67gallium in chronic gran-
ulocytic leukemia. J Lab Clin Med 83:496-503, 1974

. GELRUD LG, ARSENEAU JC, MILDER MS, et al: The ki-

netics of ¢7gallium incorporation into inflammatory lesions:
Experimental and clinical studies. J Lab Clin Med 83:489-
495,1974

. BURLESON RL, HOLMAN BL, Tow DE: Scintigraphic

demonstration of abscesses with radioactive gallium labeled
leukocytes. Surg Gynecol Obstet 141:379-382, 1975

. TSAN M-F, CHEN WY, SCHEFFEL U, et al: Studies on

gallium accumulation in inflammatory lesions: I. Gallium
uptake by human polymorphonuclear leukocytes. J Nuc Med
19:36-43, 1978

BENNETT R, KOKOCINSKI T: Lactoferrin content of pe-
ripheral blood cells. Br J Haematol 39:509-521, 1978
WEINER RE, HOFFER PB, THAKUR ML: Effect of ferric
ion on Ga-67 binding to lactoferrin. Second International
Congress of the World Federation of Nuclear Medicine and
Biology, September, 1978, Washington, DC, p 73 (abst)
BoYUM A: Isolation of mononuclear cells and granulocytes
from human blood. Isolation of mononuclear cells by one
centrifugation, and of granulocytes by combining centrifu-
gation and sedimentation at Ig. Scan J Clin Lab Invest Suppl
97:77-89, 1968

CUATRECASAS P, ANFINSEN CB: Affinity chromatography.
Meth Enzymol 22:345-378, 1971 .

Affinity Chromatography: Principals and Methods. Phar-
macia Fine Chemicals Piscataway, NJ, 1976, pp 8-15
LEHMANN HP, KAPLAN A: Use of an anion-exchange col-
umn to determine serum iron-binding capacity. Clin Chem
17:941-947, 1971

GUNASEKERA SW, KING LF, LAVENDER PJ: The beha-
viour of tracer gallium-67 towards serum proteins. Clin Chim
Acta 39:401-406, 1972

SUMMERS MR, JACOBS A: Iron uptake and ferritin synthesis
by peripheral blood leukocytes from normal subjects and
patients with iron defficiency and the anaemia of chronic
disease. Br J Haematol 34:221-229, 1976

HARRIS DC, GRAY GA, AISEN P: 13C nuclear magnetic
resonance study of the spatial relation of metal- and anion-
binding sites of human transferrin. J Biol Chem 249:5261-
5264, 1974

AISEN P, BROWN EB: Structure and function of transferrin.
Prog Hematol 9:25-56, 1975

AVRAMEAS S, TERNYNCK T: The cross-linking of proteins
with glutaraldehyde and its use for the preparation of im-
munoadsorbents. Immunochemistry 6:53-66, 1969
DANDLIKER WB, ALONSO R, DE SAUSSARE VA, et al: The
effect of chaotropic ions on the dissociation of antigen-anti-
body complexes. Biochemistry 6:1460-1467, 1967
WEINER RE, THAKUR ML, GOODMAN M, et al: Relative
stability of In-111 and Ga-67 desferrioxamine and human
transferrin complexes. In Radiopharmaceuticals II. Pro-
ceedings of the Second International Symposium on Ra-
diopharmaceuticals. New York, Society of Nuclear Medi-
cine, 1979, pp 331-340

HENSON PM: Pathologic mechanisms in neutrophil-mediated
injury. Am J Pathol 68:593-605, 1972

CLAUSEN J, EDELING C-J, FOGH J: 6’Ga binding to human
serum proteins and tumor components. Cancer Res 34:
1931-1937, 1974

BENNETT RM, EDDIE-QUARTEY AC, HOLT PJL: Lactof-
errin—an iron binding protein in synovial fluid. Arth Rheum

Volume 22, Number 1

26.

27.

28.

29,

30.

31.

32.

33.

34.

35.
36.
37.

38.

39.

40.

41.

42.

43.

CLINICAL SCIENCES
INVESTIGATIVE NUCLEAR MEDICINE

16:186-190, 1973

FIGARELLA C, ESTEVENSON JP, SARLES H: Measurement
of lactoferrin in pancreatic juice. Lancet 1:1105-1106, 1978
(Letter to the Editor)

HARMON RJ, SCHANBACHER FL, FERGUSON LC, et al:
Changes in lactoferrin, immunoglobulin G, bovine serum al-
bumin, and a-lactalbumin during acute experimental and
natural coliform mastitis in cows. Infec Immunol 13:533-542,
1976

TABAK L, MANDEL ID, KARLAN D, et al: Alterations in
lactoferrin in salivary gland disease. J Dent Res 57:43-47,
1978

LEFFELL MS, SPITZNAGEL JK: Fate of human lactoferrin
and myeloperoxidase in phagocytizing human neutrophils:
Effects of immunoglobulin G subclasses and immune com-
plexes coated on latex beads. Infect Immunol 12:813-820,
1975

WANG-IVERSON P, PRYZWANSKY KB, SPITZNAGEL JK,
et al: Bactericidal capacity of phorbol myristate acetate-
treated human polymorphonuclear leukocytes. Infect Im-
munol 22:945-955, 1978

WRIGHT DC, P1zzo PA, JONES AE, et al: Studies of
67gallium uptake at sites of neutrophil exudation. Clin Res
27:360A, 1979 (abst)

BISHOP JG, SCHANBACHER FL, FERGUSON LC, et al: In
vitro growth inhibition of mastitis-causing coliform bacteria
by bovine apo-lactoferrin and reversal of inhibition of citrate
and high concentrations of apo-lactoferrin. Infec Immunol
14:911-918, 1976

ARNOLD RR, COLE MF, MCGHEE JR: A bactericidal effect
for human lactoferrin. Science 197:263-265, 1977

REITER B, BROCK JH, STEEL ED: Inhibition of Escherichia
coli by bovine colostrum and post-colostral milk. II. The
bacteriostatic effect of lactoferrin on a serum susceptible and
serum resistant strain of E. coli. /mmunology 28:83-95,
1975

TSAN MF: Studies on gallium accumulation in inflammatory
lesions I11. Roles of polymorphonuclear leukocytes and bac-
teria. J Nucl Med 19:492-495, 1978

BAGGIOLINI M, DEDUVE C, MASSON PL, et al: Association
of lactoferrin with specific granules in rabbit heterophil leu-
kocytes. J Exp Med 131:559-570, 1970

EMERY T, HOFFER PB: Siderophore mediated mechanism
of gallium uptake demonstrated in microorganisms, Ustilago
Sphaerogena: J Nucl Med 21:935-939, 1980

DEROO M, HOOGMARTENS M, VAN DER SCHUEREN B,
et al: Autoradiographic study of tumor tracer accumulation
in experimental infectious lesions. Int J Nucl Med Biol 5:
100-104, 1978

SWARTZENDRUBER DC, NELSON B, HAYES RL: Gal-
lium-67 localization in lysosomal-like granules of leukemic
and nonleukemic murine tissues. J Nat Cancer Inst 46:
941-952, 1971

MARKOWETZ B, VAN SNICK JL, MASSON PL: Binding and
ingestion of human lactoferrin by mouse alveolar macro-
phages. Thorax 34:209-212, 1979

VAN SNICK JL, MARKOWETZ B, MASSON PL: The in-
gestion and digestion of human lactoferrin by mouse perito-
neal macrophages and the transfer of its iron into ferritin. J
Exp Med 146:817-827, 1977

MASSON PL, HEREMANS JF: Lactoferrin in milk from
different species. Comp Biochem Physiol 39B:119-129,
1971

WEINER RE, HOFFER PB, THAKUR ML: Identification of
a Ga-67 binding component in human neutrophils. J Nuc/
Med 19:732, 1978 (abst)

37





