
Functionally Distinct NF-KB Binding Sites in the transformed cells MT-2 and HUT-102~2 or 
from PMA-induced Jurkat cells, but was 

Immunoglobulin K and IL-2 Receptor a Chain Genes minimally protected by factors in unstimu- 
lated ~urkai  extracts (arrowhead, Fig. 2A). 

SHARON L. CROSS, NANCY F. -DEN, MICHAEL J. LENARDO, This footprint was flanked by a more weakly 
WARREN J. LEONARD protected region (-249 to -240, Fig. 2B). 

The IL-2Ra -273 to -250 region contains 
The interleukin-2 receptor alpha (IL-2Ra) chain gene contains a sequence similar to two overlapping 8- of 10-bp matches 
the immunoglobulin (Ig) kappa (K) enhancer NF-KB binding site. This site, which is (GGGAaTcTCC, -267 to -258; GGGA- 
bound by the nuclear protein, NF-KB, is critical for Ig K gene expression. The major T ga?TCC, -257 to -266) to the murine K 

cell nuclear factor that binds to the IL-2Ra site in vitro appears indistinguishable from gene NF-KB binding site (Fig. 1B). In com- 
NF-KB. NF-KB binds to IL-2Ra and K sequences with similar af3Xties; however, only petition assays, an oligonucleotide spanning 
the K site potently activates transcription from heterologous promoters. Thus, high- both H N - 1  NF-KB sites, but not one in 
affiity NF-KB binding in vitro cannot be equated with transcriptional activation in which these sites were mutated (7) ,  abol- 
vivo. Mutation of the NF-KB binding site in the context of an IL-2Ra promoter ished protection of the IL-2Ra -273 to 
construct markedly diminished promoter activity in human T cell lymphotropic virus -250 region (Fig. 2B). The flanking foot- 
type I (HTLV-1)-transformed MT-2 cells but not in phorbol myristate acetate print (-249 to -240) was not diminished. 
stimulated Jurkat T cells. These experiments suggested that NF-KB 

and an additional factor bound to the IL- 

R EGULATION OF EXPRESSION OF NF-KB in activating transcription in PMA- 2Ra -273 to -240 region. 
high-affinity interleukin-2 (IL-2) induced Jurkat cells (8-10). We show that Purified bovine NF-KB (15) could bind to 
receptors is a critical control mecha- the IL-2Ra and K NF-KB binding sites differ this region (Fig. 3A). The K enhancer oligo- 

nism in the T cell immune response (1). in their ability to activate transcription from nucleotide competed for this binding, but a 
These receptors contain (3 chains (also de- heterologous promoters and that NF-KB similar oligonucleotide with a mutated NF- 
noted as IL-2RP or p70), which are ex- binding in vitro cannot be equated with KB site did not (Fig. 3A). Competition 
pressed on resting and activated T cells (2), transcriptional activation in vivo. In con- titration assays with the IL-2Ra oligonucle- 
and a chains (also denoted as IL-2Ra, p55, trast, previous studies have indicated a cor- otide (Fig. lC) ,  which has IL-2Ra coordi- 
or Tac antigen), which are expressed only relation between in vitro binding and tran- nates -269 to -257 (Fig. 3B), or the K site 
after activation (3). This induction is signifi- scriptional activation in cells producing NF- indicated that NF-KB bound both sites with 
cantly regulated at the level of transcription KB (7, 13, 14). similar affinities. Similar results were ob- 
initiation (4). In deoxyribonuclease I (DNase I) protec- tained when nuclear extracts from MT-2 T 

The IL-2Ra promoter is capable of di- tion assays, the -265 region (-273 to cells were used instead of purified NF-KB. 
recting chloramphenicol acetyltransferase -250, see Fig. 1A) was completely protect- When nuclear proteins were ultraviolet 
(CAT) activity in phorbol myristate acetate ed by nuclear proteins from the HTLV-I- (UV) cross-linked (16) to an IL-2Ra oligo- 
(PMA)-induced Jurkat T cells and in T cells 
transformed by human T cell lymphotropic 
virus type I (HTLV-I) (5, 6). However, -472 -228 TATA +l Fig. 1. (A) Schematic of the 
constructs with 5' end points of -265 and A Bam HI t I IL-2Ra gene, indicating the 
-267 are inactive in PMA-induced Jurkat I C A T  1 two major transcription ini- 

I 

, tiation sites and TATA box- 
cells, but regain activity when cotransfected -273 CGGCA/ZGGGAATCTCCC/TCTCCTTTTATGGGCGT es (open boxes), and the 
with a construct expressing the transactiva- 5 Mouse Igtc GGGGACTTTCC 

- 2  40 NF-KB binding site (filled 
tor protein of HTLV-I (variably referred to HIV-1 no.1 GGGGACTTTCC box). (B) NF-KB binding 
as p40X or tat-I or tax-derived proteins) (6). HIV-1 2 aGGGACTTTCC site similarities. Lowercase 

aGGGACTTTCC letters indicate mismatches 
These studies indicate the importance of the - GGGGACTTTCC to the murine Ig-K site. IL- 
-265 region in IL-2Ra expression and CMV 2 aGGGACTTTCC 2Ra -268 to -258 and 
show that the tat-I gene product alters nor- CMV 3 tGGGACTTTCC 

4 cGGGACTTTCC 
-256 to -266 represent 

CMV 
ma1 IL-2Ra regulation. sv4 o GGGGACTTTCC overlapping regions of ho- 

The IL-2Ra -265 region, the KB site in P 2  -micro aGGGACTTTCC mology, only one of which 
could bind NF-KB at a given 

the Ig K chain gene enhancer, and sites in the ~~~~~F EEEE:$;:EE time. (C) Sequence of KB 
human immunodeficiencv virus NDe 1 H-2 Kc GGGGA~ TCCCC and IL-2Ra NF-KB sites , L 
(HIV-1) enhancer (7-10) contain a similar 1L-2Ra ' - 3  ' GGGGAaTcTCC 

IL-2Ra 3' -5 ' aGGGAgaTTCC 
sequence motif (Fig. 1) .  After conversion to 
an active DNA binding form ( I I ) ,  NF-KB C K B TCGACAGA 

binds to a consensus sequence in the H N - 1  
and K enhancers and activates transcription IL-2Ra 
of these genes (7, 12, 13). In the IL-2Ra 
gene, investigators disagree as to the role of -2 68 to -2 43 GGGGPATCTCC TCTCCTTTTATGGG 

ccccTTAGAG&AGAGGAAAATAccc 

S. L. Cross, N. F. Halden, W. J. Leonard, Cell Biolo 
and Metabolism Branch, National Institute of C h 8  - 2 6 1 t 0 - 2 4 4 CTC CTCTCCTTTTATGG 
Health and Human Development, National Institutes of (KB site removed) GAGEl,GAGAGGmTAcc 

Health, Bethesda, MD 20892. 
M. J .  Lenardo, Whitehead Institute for Biomedical Re- K B  site GGGGAcTtTC CTCTCCTTTTATGGG 
search. Nine Cambridge Center. Cambridee. MA 02142. with IL-2RU CCCCToAaAGaGAGAGGAAAATACCC 
and ~Loarcment of  yol low. ~assachus&s Institute of f 1 ar.kl ng seq . 

with K flanking sequences. 
The IL-2Ra oligonucleo- 
tide replaced the K NF-KB 
binding site with IL-2Ra 
-267 to -257. Total iden- 
tity extends from -269 to 
-257. One base 3' of the 
site (underlined in Fig. 4A) 
was changed in constructs to 
preserve the two overlap- 
ping 8 of 10 bp matches 
(B). (D) Sequence of IL- 
2Ra -268 to -243 oligo- 
nucleotide and derivatives. 
Lowercase letters indicate 
mismatches to the IL-2Ra 

~ e c h n o f o ~ ~ ,  Cambridge, LX 02139 

466 

sequence. 
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nucleotide (-273 to -250) and analyzed by 
SDS-polyacrylarnide gel electrophoresis 
(PAGE), two bands of approximately 50 kD 
were detected in extracts from S194 murine 
myeloma cells, which constitutively produce 
NF-KB (12), and from HUT-102B2 and 
MT-2 T cells (Fig. 3C). Similar factors were 
PMA-inducible in both Jurkat T cells and 
HeLa cells. This cellular distribution paral- 
leled NF-KB binding activity detected by 
mobility shift assays, and the molecular sizes 
were consistent with those reported for hu- 
man NF-KB [51 kD (17)] and murine NF- 
KB prepared fiom S194 cells (18). Thus, the 
major T cell factor binding to these IL-2Ra 
sequences in vitro appears indistinguishable 
from NF-KB. Further, HTLV-I-trans- 
formed cells express NF-KB binding activity 
in the absence of PMA induction, a charac- 
teristic previously observed only in certain B 
cell lines (11, 12). This binding activity may 
be due to the tat-I expression in these cells 
(9, 10, 19). 

In order to evaluate the relative ability of 
the IL-2Ra and K NF-KB sites to acti- 
vate transcription, both sites were inserted 
into K gene flanking sequences (Fig. 1C) 
and cloned upstream to the truncated c-fbs 
promoter in pFCA56 (20) and the her- 
pesvirus thymidiie kinase (tk) promoter in 
pBLCAT2 (21). Both oligonucleotides bound 
NF-KB with similar h i t i e s  in vitro (Fig. 
3B). In transiently transfected S194 cells, 
the KB oligonucleotide in normal (Fig. 4A) 
or reverse orientations increased CAT activi- 
ty 50- to 100-fold. In contrast, the oligonu- 
cleotide with the IL-2Ra NF-KB binding 
site in the context of K flanking sequences 
directed minimal activity in S194 cells (Fig. 
4A) and in lipopolysaccharide-stimulated 
38B9 p e B  cells, which express NF-KB 
(13). Neither construct was active in HeLa 
cells (Fig. 4B). In MT-2 (Fig. 4D) and 
PMA-induced Jurkat (Fig. 4C) T cells, the K 

NF-KB binding site was the more potent 
activator. Thus, the IL-2Ra NF-KB biding 
site alone, in contrast to the K site, minimally 
activated heterologous promoters in cells 
expressing NF-KB. 

A larger IL-2Ra oligonucleotide (-268 
to -243), more closely corresponding to 
the footprinted sequences (Fig. 2), boosted 
activity of a tk promoter-CAT construct 3- 
to 4fold in PMA-induced Jurkat cells and 8- 
to 12-fold in MT-2 cells (Table 1). Little 
activity was seen in S194 cells (which pro- 
duce high levels of NF-KB) or in HeLa cells, 
suggesting that the activity mediated by 
these sequences may be restricted to T cells. 

An oligonucleotide (Fig. lD, -261 to 
-244), which lacked most of the NF-KB 
biding site and did not compete for NF-KB 
bindiig, mediated activity similar to that of 
the -268 to -243 construct in PMA-in- 

duced Jurkat cells and approximately two- 
fold less than the -268 to -243 construct 
in MT-2 cells (Table 1, l i e s  2 versus 1). The 
-261 to -244 construct did not augment 
tk-CAT activity in the non-T cell lines S194 
(Table 1) or HeLa, suggesting that se- 
quences 3' of the IL-2Ra NF-KB binding 
site may act as a T cell-specific positive 
regulatory element. A CAT construct in 
which the K NF-KB binding site was placed 
adjacent to the IL-2Ra flanking sequences 
(Fig. 1D) was more active than either the 
-268 to -243 IL-2Ra or KB oligonucleo- 
tides in PMA-induced Jurkat cells (Table 1, 
line 3 versus lines 1 and 4), perhaps because 
of the additive activities of the K binding site 
and IL-2Ra downstream sequences (lines 4 
and 2). In S 194 myeloma cells, however, the 

KBIIL-2Ra hybrid construct was s i g d -  
candy less active than the KB site alone (lines 
3 versus 4), suggesting an inhibitory effect 
of the 3' flanking sequences in these myelo- 
ma cells. 

In addition to examining the function of 
the IL-2Ra NF-KB binding site and 3' 
flanking sequences on heterologous pro- 
moters, we investigated the role of the NF- 
KB binding site in the context of the IL-2Ra 
promoter (-472 to + 110, see Fig. 1A). A 
construct in which the NF-KB biding site 
was replaced with 12 bp derived fiom an 
Xba I linker (8-2681-257 construct) ex- 
hibited drastically decreased CAT activity in 
unstimulated (Fig. 5) and PMA-induced 
MT-2 cells. However, in PMA-induced Jur- 
kat cells, this construct retained normal ac- 

A B Jurkat + PMA 
CL 2' M =  V n  Mutant 

&' &'d-'b$ + - + + + - + + + DNaseI 8v $ .$ ,$.$3 " > -  

0 0 , ~ o o  tg) - ;--a- 
). 

Fig. 2. (A) DNase I protection ' C " 
assays of IL-2Ra -383 to -210 3 

I 

with bovine serum albumin cr .- 
-I- m- 

nuclear proteins (23) from ind 
cated cell types at two concentr. 
tions of DNase I (lanes 1 and 2 
Markers are pBR322 cut with H ~ F  111. L I ~ C  ~L-LW 

numbered per (6) with three changes: the A at - 11 7 was deleted .s. I 
and a T at -124 and a C at -237 were added. Anowhead - - I" 
indicates region of interest. (B) DNase I assay with the same probe ' a -240 

[labeled at the opposite end h m  that shown in (A)] and PMA- 
induccd Jurkat extracts. Competitor oligos were - 112 to -68 of 
the HIV- 1 enhancer, or the same sequence with a mutated NF-KB 
site (7). When the concentration of nuclear proteins was decreased, 
the -273 to -250 footprint was unchanged but the -249 to 
-240 footprint was not apparent. 

A B Wild type c 
WT Mu In ( 0 " '  

In00 U l C  : ~ C O Z O O N C O - ~ ~ N ~ ?  
OcumoloR - "  

KB oligo I 

Fig. 3. Binding of purified NF-KB and T cell nuclear factors to IL-2Ra sequences. (A) Gel mobity 
shift assays (15) with purified NF-KB and IL-2Ra -299 to -228, and wild-type (WT) or mutant KB 
sequence (7) as competitors. (B) Similar assays with purified NF-KB and IL-2Ra -299 to -228, a K 

enhancer- NF-KB binding site, or the IL-2Ra oligonucleotide of Fig. 1C. Binding reactions were 
competed with the IL-2Ra oligonucleotide. (C) Ultraviolet cross-linking of nuclear protein from the 
indicated cells. IL-2Ra -273 to -250 was labeled with bromodeoxyuridine (BrdU)-mphosphate and 
"P-labeled deoxycytidine 5'-triphosphate (dCTP) by specific priming, ultraviolet cross-linked to 
nuclear proteins, and analyzed by SDS-PAGE. Similar experiments with a mutant oligonucleotide in 
which the GGG (-267 to -265) were replaced by CTC indicated that the 50-kD bands were specific. 
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rB IL:  
pFC (+I ( + I  + - .  

KB IL-2Ha 
PFC rB IL-iltia 

Fig. 4. IG2Ra and K NF-KB bindmg site oligonucleotides (Fig. 1C) were cloned into the Sal I a 
pBLCAT2 and pFCA56 (pFC), and constructs transfected with DEAE d m  (6) into S194, 
Jurkat, and MT-2 cells [(A) to (D), respectively]. In (A) to (C), the pFCA56 consuucts are -- 
(D), because of high background amscription by the c-JQz promoter in MT-2 cells, tk-CAT constructs 
were used (tk = pBLCAT2 with no insect). In Jurkat and S194 cells, results similar to those in (A) and 
(C) were obtained when tk constructs were used. In (A), (+) and (-) indicate orientation of the 
inserted oligonudcotide. In (B) and (C), constructs were in the (+) orientation. In (D), the IL-2Ra 
oligonudeotide was in the (+) orientation and the KB otigonucleotide was in the (-) orientation. In 
(C), + indicates that cells were stimulated with PMA for 24 hours; - indicates no stimulation. 
Absolute percent conversion: S194 (A): pFC, 0.2; KB(+), 30.5; IL-2Ra(+), 0.7; IL-2Ra(-), 0.4. 
HeLa (B): pFC, 0.3; KB(+), 0.3; IL-2Ra(+), 0.2. Jurkat (C): pFC +PMA, 0.7; pFC -PMA, 0.6; 
KB(+) +PMA, 9.1; KB(+) -PMA, 1.1; IL-2Ra(+) +PMA, 0.9; IL-2Ra(+) -PMA, 0.8. MT-2 (D): 
pBLCAT2,9.8; IL-2Ra(+), 15.4; KB(-), 38.1. 

Table 1. Ability of IG2Ra and K sequences to aanscriptionally activate the tk promoter. Average 
activities (at least two independent aansfections) relative to pBLCAT2. Otigonudeotides were analyzed 
in both orientations for all but two constructs; orientation did not signi6cantly affect activity except for 
the oligonucleotide of line 2, where activity is even greater in the (-) orientation in Jurkat (not shown). 
Lines 1 to 3 correspond to sequences in Fig. ID; lines 4 and 5 correspond to sequences in Fig. 1C. 

IL-2Ra NF-KB sitel 
MT-2 

Jurkat 
coordinates flanking S194 

sequences -PMA +PMA 

tivity. 
Thus, an NF-KB biding site is located 

within a functionally important region of 
the IL-2Ra gene (6, 22). The analogous 
locus in the murine IG2Ra gene can also 
bind NF-KB. Although the role for the IL- 
2Ra NF-KB binding site appears complex, 
several conclusions can be drawn: 

1) The NF-KB site in the context of the 
IL-2Ra promoter is critical for expression in 
HTLV-I-transformed MT-2 cells, since mu- 
tation of this site abrogated expression. In 
contrast, mutation of the site did not inhibit 
IL-2Ra expression in PMA-induced Jurkat 
cells (Fig. 5). Thus, NF-KB binding is ap- 
parently not essential for PMA induction of 
the IL-2Ra promoter in these cells, suggest- 
ing that other binding sites and factors may 
compensate for the absence of NF-KB bind- 
ing in the mutated consauct. 

2) Although the IL-2Ra NF-KB binding 
site (-269 to -257) did not significantly 
stimulate transcription fiom a heterologous 
promoter, a larger construct (-268 to 
-243) did. Further, the sequence fiom 
-261 to -244 (which cannot bind NF-KB 
but is protected in DNase I footprinting 

assays) functioned as a specific positive regu- 
latory element in the T cells studied but not 
in S194 or HeLa cells. 

3) The IL-2Ra -269 to -257 region 
and K enhancer sequences bound NF-KB 
with similar &ties in vim. On the basis 
of ultraviolet cross-linking experiments, the 
major T cell factor that bound to the IL- 
2Ra NF-KB site in vitro appeared indistin- ' 
guishable fiom NF-KB. This result differs 
fiom the report by BoMein et al. (8), who 
wed an &ty purification technique to 
identify an 86-kD factor as the major species 
binding to this region in induced Jurkat 
cells. No major factors of 86 kD were 
observed in our assays, although we cannot 
exclude the possibility that such a species 
was degraded or inefficiently cross-linked. 
Perhaps as a result of their assay, BoMein et 
al. did not detect proteins approximating 
the size of NF-KB (8). 

4) The IL-2Ra and K gene NF-KB b i d -  
ing sites differed significantly in their ability 
to activate transcription fiom heterologous 
promoters. Only the K site functioned as a 
potent enhancer in cells producing NF-KB 
biding activity (S194, PMA-Jurkat, and 

MT-2 cells Jurkat tells 

Fig. 5. CAT assay fbr the A-2681-257 construct 
in MT-2 and induced Jurkat T cells. Relative 
activities: -472 to + 110, MT-2 1.0, Jurkat 1.0; 
A-2681-257, MT-2 0.1, Jurkat 1.0; no promot- 
er MT-2 0.1, Jurkat 0.1. A-2681-257 was con- 
structed by joining appropriate 3' and 5' dele- 
tions at their common Xba I linkm after filling in 
the Xba I site, replacing GGGGAATCTCCC with 
CTCTAGCTAGAG. 

MT-2 cells). Thus, we have demonstrated 
that high-&ity binding of NF-KB to a 
DNA sequence in vitro cannot be equated 
with transcriptional activation in vivo. Be- 
cause of the similar binding affinities ob- 
served in vitro, we hypothesize that NF-KB 
binds to both the K and IL-2Ra sites in 
vivo, but that the Zbase difference between 
these sites profoundly influences the ability 
of the resulting protein-DNA complex to 
activate transcription. 

Since NF-KB binding alone may not be 
sufKcient for potent transcriptional activa- 
tion, it is likely that the sequence context of 
NF-KB binding is critical. This hypothesis 
may explain the apparent paradox posed by 
the dramatic decrease in IL-2Ra promoter 
activity in MT-2 cells when the NF-KB site is 
mutated, although this site alone cannot 
signi6cantly activate a heterologous pro- 
moter in MT-2 cells. 

In conclusion, NF-KB is unlikely to be 
solely responsible for the exquisite cell type 
specificity and PMA-inducibility of expres- 
sion seen for various IL-2Ra constructs 
described in this report. These results sup- 
port the conclusion that other factors and 
sequence elements in addition to NF-KB will 
be-required to explain why the K chain 
generally is expressed only in B cells and the 
IL-2Ra generally is expressed only in T 
cells. 
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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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