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Further Heterogeneity of Human a Interferon mRNA Species 

Abstract. Translationally active (in Xenopus oocytesj human a interferon (IFNj 
messenger RNA's (mRNA's) derit~ed from Sendai virus-induced leukocyte cultures 
display a bimodal distribution of RNA lengths on electrophoresis through agarose- 
CH3HgOH gels. The major population (a,J consists of mRNA of length 0.7 to 1.4 
kilobases, while the minor population (aL) consists of RNA of length 1.6 to 3.5 
kilobases. Induction of human leukocytes in the presence of 5,6-dichloro-I-P-D- 
ribofi~ranosylbenzimidazole (DRB; 100 micromolar) appears to inhibit the ciccuinula- 
tion of IFN-a, and to enhance that of IFN-aL mRNA's (average length about 1.8 
kilobases in preparations from DRB-treated cells). Interferons derived from the a ,  
mRNA's represent the group of previously recognized a interferons while the a~ 
interferons are distinguishable from this group by their lower heterospecijc activity 
on bovine cells compared to human cells, their apparent slower mobility in sodium 
dodecyl sulfate-polyacrylamide gels, and their apparent heteroclitic response to- 
ward an antiserum to IFN-a. 

Recent advances in the molecular 
cloning of human interferons (IFN's) and 
their complementary DNA (cDNA) and 
chromosomal DNA sequences have pro- 
vided detailed information about the 
structure of some human interferon a 
and p genes (1-3). Several investigators 
(2) have cloned and characterized at  
least eight distinct cross-hybridizing spe- 
cies of cDNA derived from sucrose-gra- 
dient enriched 12s interferon messenger 
RNA (mRNA) obtained from either vi- 

rus-induced human leukocyte or virus- 
induced human lymphoblastoid cell cul- 
tures and have also characterized the 
structure of interferon genes which cor- 
respond to these species. Briefly, these 
genes do not have introns and appear to  
correspond to mature polyadenylated 
mRNA's approximately 0.8 to 1.4 kb in 
length (collectively referred to by us as  
IFN-a, mRNA's). In our present study, 
we used RNA electrophoresis under 
stringent denaturing conditions through 

10 5 0 10 5 0 
Slice number 

Fig. 1. Agarose-CH3HgOH gel electrophoresis of IFN-a mRNA's induced by Sendai virus in 
human leukocyte (peripheral blood buffy coat) cultures in the absence (A) or  presence (B) of 
DRB. Polyadenylated RNA (11) was extracted from interferon-primed (100 reference units per 
milliliter; 2 hours at 3 7 T )  Sendai virus-induced (150 hemagglutination units per milliliter) 
human leukocytes (- 5 x lo6 cells per milliliter) (5) at various times up to 10 hours after the 
beginning of induction and was pooled. In (B). DRB (Calbiochem; 100 yM) was present from 1 
to 2 minutes prior to the addition of Sendai virus until the time of cell harvest. The RNA [23 yg 
derived from 2.5 X lo9 cells in panel (A) and 15 kg derived from 1.6 x 10' cells in (B)] was 
mixed with 32P-labeled cytoplasmic RNA from HeLa cells; it was denatured in 10 mM 
CH,HgOH and was then subjected to electrophoresis through a 1.5 percent (A) or  2 percent (B) 
agarose-10 mM CH3HgOH tube gel (1 1 by 0.6 cm) (1 I ) .  Adjacent I-mm gel slices were pooled in 
pairs; the RNA was eluted and dissolved in 10 PI of sterile, distilled water; and 1 k1 of each 
sample was given by microinjection to groups of Xenapus oocytes (NASCO) incubated in 0.2 ml 
of Barth's medium (11). Approximately 24 hours later the interferon content of the oocyte 
incubation medium was assayed on human cells (GM 2504 or  GM 2767, 0)  or  bovine cells 
(EBTr, 0) in a semimicroassay of cytopathic effect inhibition; vesicular stomatitis virus was the 
challenge virus and the result is expressed in terms of the 69119 or  G-023-901-527 NIH reference 
standards for human interferon. The RNA length was calibrated with marker 28S, 18S, and 4S 
RNA (dotted line). The interferon activity on human cells was completely neutralized by 
antiserum to IFN-a (12) but was unaffected by antiserum to IFN-P,  (13) (indicated by plus 
symbols). 
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agarose-CH3HgOH gels to  demonstrate 
the existence in leukocyte-derived RNA 
of a second heterodisperse population of 
human IFN-a mRNA species of length 
1.6 to 3.5 kb which code for a interferons 
that are distinct from the previously 
described a, interferons. The inclusion 
of 5,6-dichloro-1-f3-D-ribofuranosylben- 
zimidazole (DRB) (100 p,M) (4) in the 
leukocyte induction procedure (5 )  leads 
to an enhanced accumulation of IFN-a, 
mRNA as well as  to the enhanced pro- 
duction of an unusual set of human inter- 
ferons-the a, interferons. These obser- 
vations suggest that the system of human 
a interferons is more complex than has 
been generally appreciated. 

We show the electrophoretic profile of 
interferon mRNA derived from interfer- 
on-primed, Sendai virus-induced human 
leukocytes (peripheral blood buffy coat 
cells) maintained in culture in the ab- 
sence (Fig. 1A) or the presence of DRB 
(Fig. 1B). Figure 1A shows that the 
major population of human leukocyte 
IFN-a mRNA ("IFN-a,") is between 
0.7 and 1.4 kb (average length - 1 kb) in 
length, that there is a second population 
of longer IFN-a mRNA (> 1.4 kb, 
"IFN-a,"), and that the ratio of interfer- 
on activity of the oocyte translation 
products on human and bovine cells is 
approximately equal for the a, mRNA 
population whereas the translation prod- 
ucts of IFN-a, mRNA's are less active 
on bovine cells than on human cells. The 
major a, mRNA peak corresponds to  
RNA sedimenting at  approximately 13s  
on a sucrose gradient (2). Furthermore, 
the approximate equivalence of IFN-a 
activity on human and bovine cells of the 
IFN-a, mRNA translation products is in 
agreement with the approximate equiva- 
lence of human:bovine activity of previ- 
ously reported human leukocyte interfer- 
on preparations (6). The inclusion of 
DRB during the induction inhibits the 
accumulation of IFN-a, mRNA's, but 
markedly enhances that of a population 
of long IFN mRNA species (collectively 
referred to as IFN-a, mRNA's) with an 
average length of - 1.8 kb (Fig. 1B). The 
oocyte translation products derived from 
a, mRNA species display lower activity 
on bovine than on human cells and are 
completely neutralized by antiserum to 
IFN-a but not by antiserum to IFN-f3 
(data not shown). 

Human a interferons produced by leu- 
kocytes in the presence of DRB are 
distinguishable from those produced in 
its absence (Fig. 2). Interferons pro- 
duced in the absence of DRB represent 
the well-known Cantell interferons (6) 
(Fig. 2A) which (i) display a biomodal 
protein distribution after electrophoresis 

through sodium dodecyl sulfate (SDS)- 
polyacrylamide gels with most of the 
interferon activity in a population of mol- 
ecules distributed around 18,000 and 
some around 22,000; (ii) the high molecu- 
lar weight population has approximately 
one-half to one-third as much activity on 
bovine cells as on human cells, whereas 
the low molecular weight population is 
far more active on bovine cells than on 
human cells; and (iii) the material in the 
leading edge of the low molecular weight 
population is exceptionally active on bo- 
vine cells with very little activity on 
human cells. In contrast, leukocyte in- 
terferons produced as  a group in the 
presence of DRB (i) are proteins with a 
detectably slower electrophoretic mobil- 
ity and (ii) are less active on bovine cells 
than on human cells. The lower activity 
on bovine cells of interferons produced 
in the presence of DRB is consistent with 
observations described in Fig. 1 B. Quan- 
titative serologic tests reveal a further 

Fig. 2. Characterization of a interferons pro- 
duced by human leukocytes in the absence 
(A) or presence (B) of DRB. IFN-a proteins 
produced by 4 hours after induction in the 
cultures described in Fig. 1 (100 p1 of medi- 
um) were subjected to electrophoresis 
through SDS-10 percent polyacrylamide gels 
(14). After the dye front had migrated approx- 
imately 20 cm, the gel was sliced into 2-mm 
segments, and the interferons were eluted and 
assayed on human (solid line) or bovine (bro- 
ken line) cells. Interferons from selected gel 
slices were tested for their ability to be neu- 
tralized by a rabbit antiserum to IFN-a (pro- 
duced at Meloy Laboratories against IFN-a 
derived from human leukocytes). The neutral- 
ization titers (7) are indicated above the re- 
spective gel segments. The molecular weight 
markers are carbonic anhydrase (30,000), soy- 
bean trypsin inhibitor (20,100), and a-lactal- 
bumin (14,400). 

difference between the a, (Fig. 2A) and 
a, (Fig. 2B) interferons. The neutraliza- 
tion titer (7) of rabbit antiserum to IFN-a 
against interferons produced in the ab- 
sence of DRB was in the range of 200 to 
400 neutralization units per milliliter 
(Fig. 2A). The neutralization titers of the 
same preparation of antiserum against 
several of the interferon species induced 
in the presence of DRB were in the range 
2000 to 6000 neutralization units per mil- 
liliter (Fig. 2B). 

Differences in the heterospecific activ- 
ity and in the neutralization titers similar 
to those described in Fig. 2 are also 
observed when crude interferons pro- 
duced by the Cantell (5) procedure 
(mainly a,) are compared to those pro- 
duced by the DRB-modified procedure 
(mainly a,) (8). Furthermore, long 
(- 1.8 kb) polyadenylated IFN-a mRNA 
species have also been observed in the 
cytoplasmic compartment in Sendai vi- 
rus-induced human lymphoblastoid (Na- 
malva) cells (9, 10). 

Recent experiments indicate that there 
is no detectable cross-hybridization be- 
tween IFN-a, mRNA's and a 32~-labeled 
IFN-a,-specific DNA probe even when 
the hybridization is carried out under 
relaxed conditions. 
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Detection of Circulating Metallothionein in Rats 
Injected with Zinc or Cadmium 

Abstract. Circulating metallothionein was measured by radioimmunoassay over a 
13-day period in male Sprague-Dawley rats that received a sequence of three 
intraperitoneal injections (at 3-day intervals) of either 5 milligrams of zinc or 0.8 
milligrams of cadmium per kilogram of body weight. These amounts of zinc and 
cadmium produced metallothionein concentrations in the range o f 2  to 5 nanograms 
per milliliter of serum (zinc) and 2 to 15 nanograms per milliliter of ~ e r u m  (cadmium). 
In control rats given saline injections over the same period the metallothionein 
concentration ranged from I to 3 nanograms per milliliter of serum. 

Numerous investigators, using physi- 
cochemical methods, have detected me- 
tallothionein (Mt) in rat and mouse plas- 
ma (1-3). However, the accurate mea- 
surement of low concentrations of Mt or 
its precursor thionein in the serum of 
animals exposed to metals (for example, 
Zn, Cd, Cu, Hg) for short periods has not 
been achieved to date because of the 
lack of a sensitive measurement tech- 
nique (4). The recent development of a 
radioimmunoassay (RIA) for Mt with a 
detection limit of less than 100 pg now 
permits accurate measurements of circu- 
lating Mt (5). We used this method to 
measure Mt in the serum of rats given 
intraperitoneal injections of zinc and 
cadmium. 

Male Sprague-Dawley rats (275 to 325 
g) received three injections (spaced 3 
days apart) of either %SO4 in saline (5 
mg of zinc per kilogram of body weight) 
or CdC12 in saline (0.8 mg of cadmium 
per kilogram of body weight); controls 
received saline only. The protocol was 
established by conducting dose-response 
experiments (6) and comparing our find- 
ings with those of others (7, 8) .  Blood, 
approximately 1.5 ml per sample, was 
obtained retro-orbitally at  intervals of 18 
or 24 hours (with a few instances of 6- or 
12-hour intervals). The samples were al- 
lowed to clot, the serum was removed 
and centrifuged at  600g for 10 minutes to 
completely remove the cells, and the 
samples were frozen. Subsequently, four 
50-p1 portions from each sample were 
radioimmunoassayed for Mt. 

Serum concentrations of Mt were de- 
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termined by the use of simultaneously 
prepared logit-log regressions (9) derived 
from standardizing data relating the con- 
centration of unlabeled Mt to  the per- 
centage of bound protein (the Iz5I-la- 
beled Mt used in the RIA). Significance 
levels of differences of means were eval- 
uated on the assumption of a two-tailed 
Student t distribution and populations of 
unequal variances (10). 

The curves (Fig. 1) relating Mt con- 
centration to time after the initial injec- 
tion are based on the values associated 
with blood samples being obtained at 
intervals of 18 or 24 hours; a few 12-hour 
values are included (11). The mean con- 
centrations for the controls in each injec- 
tion period are not statistically distin- 
guishable; this encourages the belief that 
the injection and bleeding protocols did 
not induce Mt production independent of 
metal injection. The fiducial limits at 99 
percent confidence (0.60 to 2.98 ng of Mt 
per milliliter) of the mean control con- 
centration over the 13-day period are in 
accord with values previously found for 
Mt concentrations in the serum of hu- 
mans with no history of significant expo- 
sure to heavy metals (12). 

The nature of the response to the 
multiple injections of zinc (sequential 
relative maxima showing an increase 
with each injection) was characteristic of 
responses to multiple ihjections of zinc 
at nontoxic levels in the preliminary 
dose-response experiments (6). This be- 
havior accords with results obtained by 
others (13, 14). The return of Mt concen- 
tration to control levels in about 4 days 

after the last injection is in accord with 
the reported short biological half-life of 
zinc and of the Mt it induces (13, 15). 

In contrast to the slight initial response 
to the 5-mgikg dose of zinc, the response 
to 0.8 mg of cadmium per kilogram led to 
a rapid increase in Mt concentrations 
(about 7 ngiml per day) during the first 12 
hours after injection (16), this peaking at  
about 48 hours and gradually subsiding 
with brief interruptions after the second 
and third injections. The response re- 
mained relatively constant a t  about four 
times the control levels in the terminal 
period (9 to 13 days); this response ap- 
pears to be in accord with the reported 
long biological half-life of cadmium (17, 
18). 

The difference in character of the re- 
sponse to nontoxic doses of zinc and of 
cadmium ifi a sequence of multiple injec- 
tions (a succession of increasing relative 
maxima followed by a return to control 
levels contrasted to an initial maximum 
followed by a gradual decrease to a level 
about four times control concentrations) 
is certainly in part dose-related (6, 16), 
but it must also reflect a difference be- 
tween the two metals in the combined 
processes of initial Mt induction and the 
subsequent kinetics of metal retention, 
recirculation, and repeated Mt induc- 
tion. 

From our results on induced Mt con- 
centrations in serum and the results of 
others on cadmium and zinc concentra- 
tions in plasma or serum after intraperi- 
toneal or subcutaneous injections of 
these metals (18-21), we may arrive at  
some conclusions regarding Mt in its role 
as a metal-binding protein. Typical mea- 
surements at  l to 30 minutes after the 
injection of cadmium indicate plasma 
concentrations about one-fifth of the in- 
jected whole-body concentration, these 
decreasing rapidly during the first few 
hours, becoming about of the inject- 
ed dose after 24 to 48 hours, and remain- 
ing essentially constant for the next few 
days. On this basis, our initial (total) 
injection of about 250 pg per rat would 
have led in minutes to the appearance of 
about 50 pg (total) of cadmium in serum, 
this decreasing to about 25 ng (total) at 
24 to 48 hours after injection. The ob- 
served increase in Mt concentration after 
the initial injection implies a maximum 
Mt concentration in the first few hours of 
less than 1 ngiml or less than 20 ng (total) 
in serum. Even if saturated with cadmi- 
um this amount of Mt could bind only 
about 2 ng of cadmium and could not be 
a major carrier of serum cadmium in this 
period. The situation is even more ex- 
treme for zinc. The results are thus in 
accord with experiments which indicate 
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