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Pretreatment of purified [12511-labeled human and mouse 

the binding of 
lanthanms chloride (Laa3) enhanced 20-30 fold 

I]-IPNs to human A549 and mouse L cells at O°C 
and al so enhanced ant iv iral activity in homologous cells. Al though 

binding of both human and mouse 

sngge st tha 1 lanthanide treated 
native IPNs. @ 1986 Academic Press, Inc. 

receptors as 

We have previously reported that the salts of the rare earth elements 

(lanthanide s) , in addition to protecting human interferoP8 (&UN-S) from 

thermal inactivation, enhance by a factor of two or more the antiviral 

activity of human a, 8, and 7 and mouse a/8 IPNs (1). To determine if 

the enhanced ant iv iral activity of the human and mouse j3 IpNs in the 

presence of lanthanide salts is a result of enhanced IPN binding to cells, 

we have examined the effects of LaC13 and YbC13 on the binding of 

p2%1 -IFN-J3s of human and mouse origin to homologous and heterologous 

cells. We observe a 20-30 fold increase in the [12’ I]-IPN-g bound to 

homologous cells in the presence of LaC13 and YbC13 but this 

lanthaaide-treated IPN does not appear to be bound to high affinity IpN 

receptors. 

BfATERIALs AN0 METEODS 

Rouse interferoPS (MuIPN-j3) (2.8 x lo6 ID/ml, specific activity of 
1.3 a 10’ lU/mg protein from Lee Biomoleoular Research Laboratories, Ino., 
San Diego, CA) was labeled with the Bolton-Hunter reagent as previously 
described (2) and had a specific activity of 4.5 uCi/gg. Iodination did not 
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reduce the antiviral activity. Antiviral activity of mouse IFN was 
determined by inhibition of the yield of GDVII virus hemagglntinin in mouse 
L cells (3). This assay measures 4.13 + 0.28 loglo units for the NIR 
mouse L cell IFN standard 0002-904-511 (assigned value 4.08). All IFN units 
are reported as international units (Ill) per ml. 

R-an IFN-j3 was obtained from Rentschler Arzneimittel GmbH and CO. 
(Lanpheim, West Germany) as a lgophilized preparation. When reconstituted, 
the preparation contained 10 Ill/ml and 3.4 mgfml protein. HuIRN-fl was 
further purified by chromatography on a controlled pore glass 
(ElectrcrNucleonics, Inc., CFG 00350 200/400 mesh, Pairf ield, W) column 
(0.4 x 4.1 cm) by the method of Rdy et al, (4). The specific agtivity 
of the HuIFN-p elated with 0.1 M KCl-HCl, pH 2.0 was 7.8 x 10 IDlmg 
protein. One gg IFN was reacted with 300 gCi Bol topHunter llgagent and 
labeled to a specific activity of 12 pCi/pg (2). The [ 11 HUIFN-fi 
showed only one band at apparent molecular weight 16,500. There was no loss 
of antiviral activity following labeling and purification. Human IFN-p 
antiviral activity was determined by inhibition of enoephalomyocarditis 
virus hemagglutinin yield in the A549 human lung carcinoma cell line (5). 
This assay measures a geometric mean of 3.93 + 0.19 loglo units for the 
NIH human f  ibroblast IFN standard 0023-902-527, which has an assigned value 

if otti”, 
units. 

iz?Setermined 
All IFN titers are reported in ID per milliliter. 

by the Coomassie brilliant blue micromethod (6) with 
bovine albumin as a standard. 

Mouse L cells were grown in suspension cultures as previously described 
(7). The suspension grown mouse L cell 
in Tris-Sal ine and resuspended to 10 I 

used in binding studies were washed 
cells/ml in the same buffer. Human 

A549 cells were grown in Falcon plastic flasks as previously described (8). 
The A549 cells used in binding studies were removed from the plastic by 
SC aping with a rubber policeman, washed in Tris-Saline, and resuspended to 
10 H cell s/ml in Tris-Sal inc. 

[125 II-IFN binding to cells was done according to the method of 

;;;ff; an;12q;yW (g) with the modif ications previously described (7). 

Tris-H&-0.&5 M NaCl, 
was preincubated at O°C alone ’ 0.01 M 

pR 7.2 (Tris-Saline) or with lanthanidinin the same 
buffer. 10 cells, washed 3 times with Tris-Saline, were then incuba ted 
with IF’N or IFN-lanthanide mixtures (final volume 100 pl] for 10 min at 
ooc. Samples were then added to microfuge tubes containing 280 pl of 
Tris-Saline with 15% BSA and centrifuged for 8 min. The tubes were rapidly 
frozen and the cell pellet separated from the supernatant by cutting off the 
bottom of the tube. Labeled IFN in the supernatant and bound to the &ls 
in the pellet were counted separately and the percent bound [ I] 
calculated from these numbers for each sample. 

LaC13xD20 (99.9972) and YbCl rli 0 
3 2 

(99.999%) were obtained f  ram 
Apache Chemicals, Seward, IL. 

RRSDLTS 

Binding of the i12511-IFNs to cells was determined at O°C to 

eliminate apparent binding that would result from internalization of IFN at 

physiological temperatures. The data presented in Table 1 indicate that 

enhanced binding of both human and mouse IlW-gs to homologous cells occurs 

at 1 mM concentration of LaC13. In Table 2 are shown the results of 
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TABLE 1. Effect of concentration of LaC13 upon binding of 
[1251] human and mouse IFN-8s to homologous cells 

Mouse L cells Human A549 cell6 

LaC131 cpm cell bound a) % bound cpm cell boundb) % bound 

0 199=) 4.5 404 1.1 

0.001 mM 136 2.9 247 0.6 

0.01 mM 202 4.5 98 0.3 

0.1 mM 197 3.5 402 1.0 

1mM 542 11.9 4,767 12.1 

a) b)L cells incubated with 0.8 ng (1.62 x lo-3 uci) of [1*51]-~uI~N-8. 

cl 
A549 cells incubated with 1.25.ng (3.5 x 10-3 uCi) of [125I]-H~IFN-8. 
Each value is the mean of 3 independent determinations. 

binding of [12’ I]-HuIFN-B to human A549 cells in the presence of the 

lanthanide s . LaC13 and YbC13. In the absence of added lanthanides, 1.6 - 

TABLE 2. Binding of lanthanide treated [ 125 I]-HuIFN-6 to human A549 cells 

Fold 

Ex. Addition cpm cell bounda) % boundb) :?br~~~~n~) 

1. None 559 1.6 1 
loo-fold excess unlabeled HuIFN-8 67 0.003 
1 mM Lac13 8,228 23.2 14 
2 mM Lac13 10,197 30.2 19 
1 mM YbC13 11,627 31.5 20 

2. None 1,219 3.3 1 
2 mM Ybc13 17,404 49.4 17 
2 mM YbC13 + loo-fold excess 

unlabeled HuIFN-Bd) 14,562 42.3 15 

3. None 1,376 2.1 1 
100~fold excess unlabeled HuIFN-B 35 
2 mM LaC13 24,026 36 17 
2 ~l+;%d+H~gf;~f excess 

10,197 15.3 7 
2 u&i LaC13 + loo-fold excess 

unlabeled HuIFN-8 + 2 mM LaC13 e) 46 0.04 

a)A549 cells incubated with 1.25 ng (3.5 x 10e3 uCi) of [ 
125 I]-HuIFN-8. All 

b) 
values a mean of 3 determinations. 
The % bound calculated for all samples as the cpm cell bound divided by the 

cl 
total of the cell bound plus the supernatant for each sample. 

d) 
Fold increase calculated using the % bound data. 
The labeled IFN was mixed with 2 mM YbC13 or 2 mu LaC13 for 30 min and then 

e) 
added to cells along with unlabeled IFN not treated with lanthanide. 
The labeled IFN was mixed with 2 mM LaC13 for 30 min and then added to cells 
along with loo-fold excess of unlabeled IFN that had been treated with 2 mM 
LaC13. 
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TABLE 3. Cross-species binding of [ 1251]-HuIFN-l? and I'251]-HuIFN-8 
and cross-species antiviral activity of human 

and mouse interferons treated with YbC13 

a) 
Ant'viral 

cpm (%) bound to cells titerbS. (Ill/ml) 

Interferon A549 L cells A549 L cells 

HuIFN-8 1,218 (3.3) 67 (0.18) 2~06 2.4~10~ 

HuIFN-8 + 2 mM YbC13 17,404 (47.2) 9,470 (25.66) 5.8x106 1.7x103 

MuIFN-6 57 (1.1) 213 (4.1) x200 1.9x106 

MuIFN-8 + 2mM YbC13 1,493 (29) 1,375 (26.6) <200 7x106 

a)1.25 ng (3.5 x 10-3 Wi) of [ 1251]-MuIFN-6 or 0.8 ng (1.6 x 10e3 W.) of 
[1251]-HuIFN-6 incubated with cells and binding determined. All values the 

b) 
mean of 3 determinations. 
Unlabeled human or mouse IFN was incubated for 30 min at 0' with YbC13, and 
then the preparations assay for antiviral potency. 

3.3% of the added If23 I]-IlW is bound to the AS49 cells and this binding 

can be reduced to baokgrouud lwels by addition of lOO-fold exce~a of 

unlabeled IFN. If  the IFN is pretreated with 2 mM LaC13 or ybC13 for 30 

min at OOC prior to adding to cells, the quantity of 112’1] detectable 

in the pellet increases as much as 24 fold. Unl ike untreated 

[12511-EuIFN-~ whose binding is greatly reduced by unlabeled I&W, the 

lanthanide treated [1251]-HuIFN-~ binding was not reduced by unlabeled 

IFN. However, if unlabeled IFN is pretreated with LaC13, it then competes 

with LaC13 treated p11 -EuIFN-fi for binding sites on the A549 

cells. 

There is very little cross-species binding of [12sI]-HuIFN-~ and 

[12511-MnIpN-~ (Table 3) . In the presence of 2 mM YbC13 there is a 

substantial amount of heterologons IFN binding to the cells, however, this 

increased binding of heterologoas IFN does not increase the level of 

cross-species antiviral activity. 

DISCUSSION 

We previously reported that lanthanide ions at concentrations of 2 dl 

or greater enhanced the antiviral activity of some human and mouse IFNs in 
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addition to protecting sore IFNs, most notably EuIar-~, from inactivation 

at 37V (1). Since binding Of IFNs to 0011 Sllrf8C?e receptors is essential 

for biological activity (reviewed in 101, we used pure HuIFN-fi and MUIFN-B 

labeled with [123 II to assess whether the enhanced biological activity 

of IFNs treated with lanthanide salts results from inoreased binding of IFNs 

to cells. We examined binding at OeC so that ligand-receptor binding could 

be distinguished from internalization of the II% 

Both [12sI]-IFNs that we used in this study demonstrated speoifio 

binding to hcmol ogons oells since the amount of [1251] bound to 

homologous oells was reduoed by lOO-fold excess of unlabeled IFN. LaC13 

and YbC13 at concentrations of 1 mM or greater inorease the binding of 

[ 12511 -HnIFN-p and r12511-MuIFN-j3 to homol ogons oells by 20-30 

fold. This is the range of concentration of lanthanides observed to enhance 

the antiviral activity of these IFNs (1). 

Unlabeled native ZPN does not oompete with LaC!13 treated [1251] 

IRNs for receptor sites unless the unlabeled IFN has also been treated rith 

LaC13. This can be interpreted to mean that LaC13 treated IFNs do not 

bind to the same receptors as do native IENs. The faot that there is a 

20-30 fold increase in binding but only a 2-5 fold inoreaae in biologioal 

activity al so suggest that most of the binding in the presence of 

lanthanides is not to speoif io high affinity II% receptors. The lack of 

specific binding is also demonstrated by the greatly enhanced orosrspeoies 

binding of both IFNs in the presenoe of the lanthanides. Al though 

eqniv al ent amounts of labeled IFNs are bound to homologous and heterologoas 

species of oells, there is a stimulation of antiviral activity only in the 

homologous cell species. Qenerally. the laok of orosrspeoies aotivity and 

also resistance to IFNs have been attributed to the lack of speoific binding 

of IFNs to cells (10). However. there is signif ioant binding of some ms 

to oells in which they exert no biologioal aotivity (11-13). The subsequent 

development of antiviral resistanoe in sensitive oells may result from the 

interaction of the bound UN with a second membrane-associated component 
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(14,lS) or may depend upon the proper intracellular processing of the IPN 

(2). Anderson and Vilcek (16) by constructing conjugates of IPN and ricin 

toxin B chain have demonstrated that HuIPN-a can exert an antiviral effect 

after binding to the receptor of another ligand (ricin toxin B chain). ThIlS 

it may be that the stimulation of antiviral activity of lanthanide treated 

IPNs in homologous cells results from interaction of bound IPN with a second 

membrane component after the enhanced initial nonspecific binding in the 

presence of the lanthanide or the lanthanides may stimulate intracellular 

processing of the IPN. If  the necessary specific second component is not 

present in the heterologoas cells or the cells do not process the IPN 

properly, even with high levels of binding of heterologous IPN, there is no 

stimulation of the sequence of events that make the cell resistant to 

v  iruse s. 
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