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Role of Na+/H+ Exchange by Interferon-? in 
Enhanced Expression of JE and I-Ap Genes 

The rapid transductional sequences initiated by interferon-y (IFN-y) on binding to its 
receptor regulate functional and genomic responses in many cells but are not well 
defined. Induction of macrophage activation is an example of such functional and 
genomic changes in response to IPN-y. Addition of IFN-y to murine macrophages, at 
activating concentrations, produced rapid (within 60 seconds) alkalinization of the 
cytosol and a concomitant, rapid influx of "Na'. Amiloride inhibited the ion fluxes 
and the accumulation of specific messenger RNA for two genes induced by IFN-y (the 
early gene JE and the P chain of the class I1 major histocompatibility complex gene 
I-A). The data indicate that IFN-y initiates rapid exchange of Na' and H' by means of 
the Na+/H+ antiporter and that these amiloride-sensitive ion fluxes are important to 
some of the genomic effects of IFN-y. 

HE PLEOTROPIC ACTIONS OF IFN-?/ 
include antiviral, antiproliferative, 
and immunoregulatory effects in a 

wide variety of responsive cells (1). One 
cellular target is the macrophage, which 
IFN-y activates to present antigen to T 
lymphocytes and to kill facultative and obli- 
gate intracellular parasites and tumor cells 
(2). These regulatory effects are initiated 
when IFN-y occupies a cell surface receptor, 
an event that leads to priming for protein 
kinase C activation, an oxidative burst, eico- 

sanoid production, and the induction of 
genes coding for proteins such as class I1 
major histocompatibility complex (MHC) 
molecules, also referred to as Ia molecules. 
Surface expression of Ia molecules is essen- 
tial to functions of the activated macrophage 
and is stringently regulated (3, 4). The initial 
transductional events occurring after IFN-y 
occupies its receptor have not been delineat- 
ed (5, 6).  We reported earlier that addition 
of IFN-y to murine macrophages results in 
an enhanced efflux of 4 5 ~ a 2 +  (7). Because 
this enhanced efflux was observed only after 
a lag of 5 to 10 min, we examinkd the 

V. Prpic, S.-F. Yu, F. Figueiredo, P. W. Hollenbach, R. 
J. Uh~ng, D. 0. Adams, Laboratorv of Cell and Molecu- possibility that it is preceded by more 
lar Biologg,of Leukocvtes, ~ e ~ a h n e n t s  of Patholo ion fluxes, We now show that addition of 
and Micro ~ o l o ~ ~ m ~ u n o l o g y .  Duke University ~ e g  
cal Center, Dur am, NC 27710. IFN-y to murine macrophages results in a 
G. Gawdi and B. Herman, Laboratories for Cell Biology, rapid cytosolic alkalinization and an en- 
Department of Cell Biology and Anatomy, Lineberger 
Cancer Research Center, University of North Carolina, hanced influx of 22Na+' The of 
Chapel Hill, NC 27599. oride to inhibit these responses and to inhib- 

it the accumulation of mRNA for the gene 
JE and the chain of the class I1 MHC gene 
I-A (I-AB), both of which are induced by 
IFN-y, indicates the importance of Na+/H+ 
exchange in the IFN-?-induced activation 
of murine macrophages. 

IFN-y at physiologic concentrations (10 
to 100 units of recombinant IFN-y per 
milliliter)-that is, at concentrations that 
induce macrophage activation for tumor cy- 
totoxicity and induce surface expression of 
Ia-rapidly raised cytosolic p H  by as much 
as 0.1 p H  unit (Fig. 1A). An increase in 
intracellular p H  (pHi) was manifest within 1 
min after IFN-y was added to the macro- 
phage cultures and continued for 10 to 15 
min, after which pHi began a slow decrease 
to basal levels (Fig. 1A). This alkalinization 
was inhibited by prior treatment of the 
macrophages with arniloride at concentra- 
tions that inhibit the Na+lH+ antiporter (8) 
(Fig. 1A). The increase in cytosolic p H  was 
dose dependent and was observed with as 
little as 1 unit of IFN-y per milliliter (9). In 
contrast, 50 units of interferon alp per 
milliliter did not alter p H  (9). 

IFN-y also induced the rapid influx of 
2 2 ~ a +  into macrophages; this was readily 
observable within 2 min (176% i 24% of 
the basal value; mean i SEM, n = 3 experi- 
ments) after IFN-y was added to the cul- 
tures (Fig. 1B). At these early times, the 
IFN-y-induced influx of 2 2 ~ a + ,  when com- 
pared to the appropriate buffer control, was 
inhibited -50% by prior exposure of the 
cultures to 0.05 mM amiloride and -90% 
by prior exposure to 0.3 mM amiloride at 
the extracellular sodium concentrations 
used. Both the increase in IFN-y-stimulated 
pH, and 2 2 ~ a +  influx were also inhibited by 
amiloride analogs according to their relative 
efficacies for inhibition of the antiporter (9). 
As shown in Fig. 1, amiloride exhibited 
small inhibitory effects on basal 22Na+ in- 
flux, as also described in other cells (8). The 
effects of IFN-y on 2 2 ~ a +  influx were dose- 
dependent, and increases were observable 
with as little as 0.1 unit of IFN-y per 
milliliter (9). The half-maximal dose for 
IFN-y-stimulated, amiloride-inhibitable in- 
flux of sodium was - 7.5 units of IFN-y per 
milliliter. 

Addition of IFN-y to macrophage cul- 
tures resulted in increased accumulation of 
mRNA for numerous genes, including the 
gene JE and the genes coding for Ia mole- 
cules such as I-AB (10). The increased accu- 
mulation of mRNA for JE in macrophages 
is due to an increase in mRNA stability (1 I) ,  
whereas the increase in mRNA for Ia is 
transcriptionally regulated (10). We thus 
examined a potential role of Na+lH+ ex- 
change in IFN-y-mediated regulation of 
mRNA for JE and I-AB. When amiloride 
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Flg.l.AcrivarionofNa+l A mRNA accumulation for the gene KC (9). 
H+ a* by IFNq. 0.10 

B We recently presented additional evidence 
(A) Time axuse of IFN- - 
y-inducedchangsinpHi 0.08 
in murine macrophages. - label- 0.06 , 800 
ed with 2',7'-bir-(car- i?5 

0.04 600 b o v w ) - 5  (6') -&"I- 
flumesain (BCECF) d a 
(Calbiochem, San Diego) a 0'02 +g 400 
and incubated in Hanks 0 N z" 
bahnd salt sollltion am- : 
r a i n i n g 1 0 w H n ~ H  -0.02 
7.4, at 37°C (HHBSS). 

10 min for the differential regulation of JE and KC 
r ' 

in macrophages (1 1, 12). - 
In contrast to the rapid accumulation of 

- rnRNA for JE in response to IFN-y, accu- 
mulation of mRNA for Ia genes is observed 

2 min - - only after a lag of -4 hours (10, 13). In the 
presence of 0.3 mM amiloride, significant 

dl inhibition of IFN-y-induced mRNA for 
I-Ap was observed (61% + 14%; n = 3) 

'Ihen pH, was measured (Fig. 3). The inhibition of IFN-y-induced 
lFNy  - + 

by using a dgwed low- o 10 20 Amiloride mRNA was also evident at the level of 
light video micmcopy sys- Time (min) ( m ~ )  - - - - 0.050.050.3 0.3 surface expression of Ia (66% + 10% inhi- 
tem (26, 27). (0) Data bition at 0.3 mM amiloride; n = 4) (Fig. 3). 

the mean * obrained hm jnd* prarsscd * shown Our data suggest that (i) physiologic con- 
as cMknm in pH, befwe (time -) and after addition of IFNq at 15 Ulml(1 x 106 IUImg; Schenng- 
P w ) .  (.) -bation of ma- with 0.5 mM amiloride min addition of IFNy centrations of IFNy induce rapid, amilor- 
inhibid the m+& cy& alkal in ih  of macrophagcs. l[his -& ofamil&& did ide-sensitive increases in cytosolk pH and in 
alter basal fluorescence d d u r i n g t h e  . . Basal pHi was 7.2 * 0.01. Similar resuls wne the influx of 2 2 ~ a +  into murine peritoneal 
observed in six difkent expehxm. (6) Mw= rn* macrophages in the psPlor of- macrophages; and that (ii) the changes in 
IFN? (20 Ulml) as indicated. The data pnxmed are fbr cultures of- that wne incubated fix 5 min 
with 0.5 ouabain or 0,5 ouabdin plus indicamd of amiloride befnr cytosolic ion concentrations appear to par- 
-&. me -= per minurc at - - for d~ -t - 205 + 3, and dzis was " ticipate in the IFN-y-induced increases in 
submad h the values pnxmd. Data are presented as the mean t SD fix mplicate cknrminatons of a mRNA accumulation for JE and I-Ap. JE 
qmxmt ive  Btperiment S i  d~ were obtained in dUpr separae experhmts (28). was originally identified as a gene in fibro- 

-----_-.- >_ . blasts that was rapidly induced in response 
to platelet-derived growth factor (14). Re- 
cent data indicate considerable sequence 
similarity of JE to various cytokines (15). 

Fig. 2. Inhibition of IFN-y-induced JE mRNA $ amiloride. Transductional events involved in the plate- 
Thioglycolate-elicited murine macrophages (5 x 10 cells per 15 
cm2) were incubated for 3 hours with (lane 1) buffer, (lane 2) let-derived growth factor-induced tran- 

IFN--y (50 Ulml), (lane 3) 2 mM amiloride, or (lane 4) IFN--y scriptional activation of the JE gene have 
plus amiloride before determination of JE mRNA (10, 12). Total not been ascertained (16). In macrophages, 
cellular RNA was prepared and analyzed as described (12, 29). increased mRNA for JE can be induced by 
RNA was transferred from 1% agarose-formaldehyde gels to 
Genescreen-Plus membranes in a capillary transfer (29). A JE 

various agents (lo), although mRNA accu- 

fragment was labeled by an oligolabeling method (Pharmacia). mulation is not transcriptionally regulated 
Membranes were prehybridized and hybridized as described (30, (10). Class I1 MHC gene expression in 
31). Blots were washed twice for 30 min each time with 0.1% macrophages is induced by IFN-y (3, 4). 
SDS in 0.3M NaCl and 0.03M sodium citrate at room tempera- 
ture and twice for 30 min with 0.1% SDS in 0.03M NaCl and 

0 The transductional mechanisms regulating 

0.003M sodium citrate at 42°C. Blots were then dried and exposed these genes are not well defined (10, 17, 18), 
to x-ray film at -70°C. Blots were subsequently stripped and but inhibition of protein synthesis during 
reprobed for actin as described (1 1). 1 2 3 4 the first several hours after exposure of 

macrophages to IFN-y does not block accu- 
mulation of specific mRNA nor subsequent 

6 I - A ~  surface antlgen I - A ~  ~ R N A  additions, IFN7 U1ml)* Or IFN-l plus surface expression of Ia molecules (13, 19). 
4 3000 too loride (AM) (0.3 mM) for 18 hours before deter- 

mination of surface Ia at 40 hours or for 18 hours Our data indicate the 
before mRNA analysis. Results for Ia mRNA are Na+/H+ exchange in IFN-?hduced mRNA 
standardized to the maximum level observed in a accumulation of both JE and 1 - 4 .  The gene 

9 representative experiment and are presented as a indudon is due K, ~ o S O l i c  *- 
percentage of that maximum. Amiloride alone inirrtion, since monemin was in 2 had no effect on expression of basal 1 - 4  mRNA 
or surface 1 - 4  antigen (9). 1 - 4  mRNA was i"d~ci"gJE, whereas significant a~cumllhtion 
determined as described (13). Accumulation of was observed on pharmacologic increase in 
mRNA was determined from densitometric scan- cytosolic pH (20). 

Control IFNT IFNY IFNT IFN-7 Control ning of autoradiograms. Surface expression of I- A model for effects of I F N - ~  on macro- + + 
AM AM Ag antigen was determined by radioimrnunoassay 

as described (13). Triplicate wells were used for phages can thus be proposed: occupancy of 
Fig. 3. Inhibition of IFN--induced 1 - 4  by each point; the SEM for the triplicate determina- the receptor for IFN-Y leads to activation of 
amiloride. Thioglycolate-elicited murine macro- tion did not exceed 10%. IgG, immunoglobulin the Na+/H+ antiporter and results in the 
phages were treated as indicated with either no G.  efflux of H +  from the cytosol of the cells 

and influx of Na'. These changes result in 
was added to the macrophage cultures be- propriate buffer controls was 68% 2 3% increased levels of specific mRNA for at 
fore IFN-y was added, the accumulation of normalized to actin (mean + range in two least two IFN-?inducible genes. The in- 
mRNA for JE was inhibited at 3 hours. As experiments) (Fig. 2). The presence of mil- volvement of Na+/H' exchange in the mi- 
determined by laser densitometry of the oride did not affect the ability of phorbol togenic response to a variety of factors has 
RNA blots, the inhibition of IFN-y-in- esters to cause mRNA accumulation for JE been described (21, 22). Our data indicate 
duced mRNA for JE compared to the ap- or the ability of endotoxin to stimulate the importance of this transductional se- 



quence for the c y t o h e  IFN-y as well. Dur- 
ing the course of these studies, Smith et a l .  
(23) reported that IFN-y stimulated cytosol- 
ic alkalinization in a pre-B lymphocyte cell 
line, partially as a result of activation of 
Na+/H+ exchange. Because the earliest 
measured time was 30 min, the rapidity of 
activated Na'lH' exchange and its impor- 
tance as a genomic transductional sequence 
in response to IFN-y in these cells remain to 
be established. In view of the pleotropic 
actions of IFN-y (5, 6), it is likely that 
additional transductional sequences may 
mediate other actions of IFN-y. For in- 
stance, addition of amiloride did not inhibit 
priming by IFN-y for tumor cell cytolysis 
(9). Relatively high concentrations of IFN-y 
can cause accumulation of labeled diacylgly- 
cerol or similar compounds in fibroblasts 
(24). In macrophages, physiologic concen- 
trations of IFN-y, however, induce increases 
in the mass of diacylglycerol only after -4 
hours, suggesting that these increases are 
unlikely to represent a primary transduction- 
a1 event (25). Our studies demonstrate that 
physiologic doses of IFN-y induce rapid 
Na'lH' exchange in murine macrophages 
and that these amiloride-sensitive fluxes are 
important for mediating some of the subse- 
quent genomic responses to IFN-y. 
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High Rate of HTLV-I1 Infection in Seropositive IV 
Drug Abusers in New Orleans 

Confirmed infection with HTLV-I1 (human T cell leukemia virus type 11) has been 
described only in rare cases. The major limitation to serological diagnosis of HTLV-I1 
has been the difEculty of distinguishing HTLV-I1 from HTLV-I (human T cell 
leukemia virus type I) infection, because of substantial cross-reactivity between the 
viruses. A sensitive modification of the polymerase chain reaction method was used to 
provide unambiguous molecular evidence that a significant proportion of intravenous 
drug abusers are infected with HTLV, and the majority of these individuals are 
infected with HTLV-I1 rather than HTLV-I. Of 23 individuals confirmed by polymer- 
ase chain reaction analysis to be infected with HTLV, 21 were identified to be infected 
with HTLV-11, and 2 were infected with HTLV-I. Molecular identification of an 
HTLV-11-infected population provides an opportunity to investigate the pathogenici- 
ty of HTLV-I1 in humans. 

H UMAN T CELL LEUKEMIA VIRUSES 

type I (HTLV-I) and type I1 
(HTLV-11) have been associated 

with specific forms of malignancy in hu- 
mans. HTLV-I is the etiologic agent for a 
malignancy known as adult T cell leukemia 
(1) and has been linked to a chronic myelop- 
athy known as HTLV-I-associated myelop- 
athy (2) or tropical spastic paraparesis, 
which is endemic to regions of Japan, the 
Caribbean, and Africa (3). Sporadic cases of 
HTLV-I infection have also been reported 

In contrast to HTLV-I, HTLV-I1 has 
only rarely been isolated. HTLV-I1 has been 
associated with two cases of malignancy in 
humans (6). Both patients had unusual T 
cell malignancies resembling hairy-cell leu- 
kemia. In one case, we showed definitively 
that HTLV-I1 was molecularly associated 
with a lymphoproliferative disorder involv- 
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V. S. Shortv. Desire Narcotics Rehabilitation Center. 
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