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/EX-IL, an Apoptosis Inhibitor 
Involved in NF-KB-Mediated 

Cell Survival 
Mei X. Wu," Zhaohui Ao, K. V. S. Prasad, Ruilian Wu, 

Stuart F. Schlossman 

Transcription factors of the nuclear factor-~B/rel (NF-KB) family may be im- 
portant in cell survival by regulating unidentified, anti-apoptotic genes. One 
such gene that protects cells from apoptosis induced by Fas or tumor necrosis 
factor type a (TNF), /EX-IL, is described here. Its transcription induced by TNF 
was decreased in cells with defective NF-KB activation, rendering them sensitive 
to TNF-induced apoptosis, which was abolished by transfection with /EX-1L. In 
support, overexpression of antisense /EX-1L partially blocked TNF-induced ex- 
pression of /EX-1 L and sensitized normal cells to killing. This study demonstrates 
a key role of /EX-1L in cellular resistance to TNF-induced apoptosis. 

Tumor necrosis factor type a (TNF), a major 
inflammatory cytokine, simultaneously acti- 
vates a cell suicide program and an anti-death 
activity that results in resistance of many 
cancer cells to TNF-mediated killing, thus 
limiting its use in cancer therapy (I). TNF- 
stimulated anti-death activity, unlike TNF- 
induced cell death, depends on de novo pro- 
tein synthesis and the genes involved appear 
to be transcriptionally activated by transcrip- 
tion factors of the nuclear factor-~Blrel (NF- 
KB) family (2, 3). Hence, cells lacking NF- 
KB subunit RelA (p65) or overexpressing a 
illutated inhibitor I K B ~  gene showed en- 
hanced susceptibility to TNF-mediated kill- 
ing (4). Using the mRIiA differential display 
technique (j) ,  we cloned a gene that appeared 
to be the same as a previously reported im- 
mediate-early response gene IEX-1 (6), ex- 
cept that it had an in-frame insertion of 11 1 
nucleotides at position 211 of the coding 
region for IEX- 1, and it could encode a longer 
polypeptide with a 37-amino acid insertion 

Division o f  Tumor Immunology, Dana-Farber Cancer 
Institute, and the Department o f  Medicine, Harvard 
Medical School, Boston, MA 021  15, USA. 

"To w h o m  correspondence should be addressed 

relative to IEX-1 (7) The longer IEX-1 [re- 
fened to here as IEX-1 L, the original IEX-1 is 
refened to as IEX-1 S (short)] was found to be 
generated fiom IEX-1 in the absence of RNA 
splicing as it contalned the entire intron se- 
quence of IEX- 1 (8 )  

IEX-1L protein was demonstrated in 293 
cells transiently transfected with a pcDUA- 
HAaTag-IEX-1L plasmid by using a mono- 
clonal antibody (mAb) to influenza viius 
hernagglutinin (HA) (Fig lA, ailou L-HA) 
(9) The difference between the molecular 
mass of HA-IEX-1L (32 kD) and of HA- 
IEX-1 S (28 kD) could be accounted for by a 
37-amino acid insertion present in IEX-1L 
Endogenous IEX-1L piotein was also detect- 
ed by using a polyclonal antibody (Ab) to 
IEX-1 (10) (Fig lB, anow L), which was 
laiger than the ieported IEX-1s piotein (6)  
(Fig lB, ai-row S) When McF-7 cells ex- 
pressed IEX-1L or IEX-1s fused to green 
fluorescence protein (GFP) (9), a typical pat- 
tern of fluorescence around the nuclear pe- 
ripheiy and endoplasmic reticulum mem- 
brane was observed (Fig lC), which was 
distinct from the diffuse distribution of fluo- 
rescence visible thtoughout the entiie cell 
when GFP alone was expressed (Fig ID) 
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The localization of IEX-1L and IEX-IS in 
endoplasmic reticulum and on nuclear mem- 
brane was confirmed by immunoelectron mi- 
croscopic study with a GFP-specific Ab (8). 
This observation is consistent with the pres- 
ence of a putative transmembrane integrated 
region in IEX-1 proteins (6) .  

To investigate the function of IEX-1L and 
IEX-IS, we stably transfected Jurkat cells 
with the IEX-1L or IEX-1 S coding frame 
inserted into a pRc/CMV plasmid. Easily de- 
tectable amounts of RNA of either IEX-1L or 
IEX-lS were observed in two of three ran- 
domly selected clones transfected with pRc/ 
CMV-IEX- 1L and in two of four clones car- 
rying pRcICMV-IEX- 1 S but in none of the 
clones receiving the parent control vector 
(Fig. 2B). When these cells were treated with 
mAb to Fas, the viability was more than 80% 
for clone 14lL and 70% for clone 1 SlL, both 
expressing IEX- 1L after 4 hours of treatment 
(Fig. 2A). These percentages were signifi- 
cantly higher than the 35% observed in wild- 
type cells and in control plasmid-transfected 
clones (1 3 N  and 1 1N)  and they were similar 
to that observed with Bcl-2-transfected Jur- 
kat cells (11). In contrast, clone 91L cells 
expressed undetectable IEX-1L RNA, show- 
ing little effect on cell susceptibility to Fas- 
mediated apoptosis compared with untrans- 
fected cells. Although IEX-1s transfectants, 
clones 21s and 41'3, expressed amounts of 
IEX- 1 S mRNA similar to those transfected 
with IEX-1L (Fig. 2B), they offered no pro- 
tection against Fas-induced killing, which 
strongly indicates a specific anti-death func- 
tion of IEX-1L. Moreover, by. using specific 
mAbs, we were able to show that all these 
clones expressed similar amounts of cell sur- 
face Fas and intracellular Bcl-2 and Bcl-x 
molecules, ruling out the possibility that the 
observed protection of IEX-1L was a result of 
effects of these key anti-apoptotic or apopto- 
tic molecules (8, 11). 

To avoid clonal variations, we used stably 
transfected bulk cultures of Jurkat cells to test 
IEX- 1L-mediated protection (1 2). As indicat- 
ed in Fig. 2C, Jurkat cells transfected with a 
control vector or IEX- 1 S- containing plasmid 
underwent Fas-induced apoptosis at degrees 
indistinguishable from wild-type cells (about 
60%). In contrast, the Fas-mediated cell death 
of INL-bearing transfectants was signifi- 
cantly lower (about 23%). 

IEX-1L-mediated protection appeared not 
to be restricted in Jurkat cells. McF-7 cells 
transiently transfected with an IEX-lS-GFP 
construct or GFP vector alone, along with a 
pRc1CMV-Fas plasmid, underwent Fas-me- 
diated apoptosis by 35 to 40%, whereas the 
percentage of cells undergoing Fas-induced 
apoptosis was reduced by half if they ex- 
pressed an IEX-1L-GFP protein (Fig. 2D). 

Interestingly, IEX-1L restored the resis- 
tance to TNF-induced cell death of p65K03T3 

cells isolated from RelA-1- mice and Jurkat dramatically from 10 to 70% in p65K03T3 
I K B ~ M  cells generated by expression of a cells bearing the parental control vector or in 
mutated I K B ~  protein (4, 13). As shown in untransfected p65K03T3 cells. In contrast, 
Fig. 3A, TNF-induced apoptosis increased IEX-1L-transfected cells were markedly less 

Fig. 1. Expression of trans- A $ 1 8 8  
feded (A) and endogenous 

B 

(B) IEX-1L proteins. (A) lrn- t i x z z  - y $ s  
munoprecipitation followed a a a ~  Time PMA 
by irnmunoblotting analy- z x x a  0' 15' 30' 45' 60' C added (min) 

Kd "7 ,,, e -=- -- - --n 

sis was carried out as Kd 

described (76) with cell 6B- 
lysates (50 kg) prepared 43 - I 
from 293 cells trans- 
feaed with the indicated 29- -' 
HA. taecontaining con- 
structs (9) using mAb 
12CAS to HA (Boehrin~er 
Mannheim). ~ane  Ab control, all Illc~cvclnt 
mouse mAb used as control in irnmunopre- 
cipitation. (B) Jurkat cell lysates prepared at 
various times after treatment with phorbol 
12-myristate 13-acetate (PMA) (50 nglml) 
were analyzed as in (A) with an IEX-1- 
specific Ab (70). Lane C, normal rabbit se- 
rum control. Molecular size markers (kD) are shown (A) and rig e Ig 
heavy chain. (C and D) McF-7 cells were transfected ;mid pEGFP one 
(D) and photomicrographed by inverted fluorescence Irllrruxupy after 40 how,. D ~ I  - rv p.111. H ,~~riilar 
pattern was also observed with cells expressing an IEX-1XFP fusion protein. 

on the left 
I with a plas 
-.-------. . 

;ht (B). IgH 
-1Ex-1L (C) 
..- 0-- - 7 

refers to th 
or pEGFP al 
n..- A -:- 

Fig. 2. Protective effect 
of /EX-1L against Fas- 
mediated apoptosis. (A) 
Viability of /EX-11- 
transfected Jurkat cell 
clones. Jurkat cells were 
stably transfected with 
a plasmid pRc-CMV- 
/EX-1 L (L), ~Rc-CMV- 
/EX-1S (S), or pRc- 
CMV control vector (V) 

60 

40 

2733 - 
V) - 

C Y S L  C V S  L O $  

U -- .- 
and the subclones were 0-0 

C 
0 - 

selected by Limiting di- T a 
7Cll treatment (hr) o Lution. Jurkat cells 

OK), Bcl-2-transfected 
Jurkat cells (Bcl-2), 
and re~resentative sub- 

I w r i  .+=, 
clones' of each trans- 
fection were treated m-4~~. fi+fi 
withmAb7C11 toFas , , : - - 
(1:10,000 ascites) for : 5 2 ; p~ -r " V S L V S L  -- 
various times and.then " " $ " " *  NO anti-~as m ~ b  
stained with propidium 

c 
CL 

iodide (PI). Percentages 
of viable cells are shown as mean ? standard deviation (SD). One representative result of five 
independent experiments performed in triplicate is shown. (B) /EX-1 expression in Jurkat cell clones in 
(A) was analyzed by Northern blotting with an /EX-1 probe. Endogenous /EX-1 RNA (1.3 kb) in 
PMA-stimulated Jurkat cells (lane PMAI2 hr) is shown as a positive control, and transfected /EX-1 are 
about 0.6 kb for /EX-1L and 0.5 kb for /EX-IS, indistinguishable in size in the blot. The Pst fragment of 
glyceraldehyde-3-phosphate dehydrogenase (G3PDH) is used as an equal RNA Loading control (C) 
Apoptotic cell death of bulk cultures of Jurkat cell transfectants. Jurkat cells were stably transfected with 
the same plasmids as in (A) (72). Untransfected control (C) and transfected Jurkat cells were either 
treated with mAb to Fas for 8 hours or Left untreated. Percentages of apoptotic cells (SubG1 population) 
were determined by flow cytometry analysis of PI-stained cells. Data shown are means +- SD of three 
independent experiments using the same bulk transfectants. (Inset) /EX-1 RNA expression analyzed as 
in (0). (D) Protection of Fas-induced apoptosis in McF-7 cells transiently transfected with /EX-1L McF-7 
cells were cotransfected with a pEGFP-IEX-1L (L), pEGFP4EX-1S (S), or pEGFP (V) plasmid (9) along 
with a pRc-Fas plasmid for 36 hours, after which the cells were treated with mAb 7C11 for 6 hours or 
were Left untreated. Percentages (mean ? SD) of apoptotic cells (based on cell morphology) were 
obtained by averaging the results from triplicate wells of a six-well plate, with about 100 cells counted 
in each by inverted fluorescence microscopy. One representative result of three independent experi- 
ments is shown. 
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sensitive to the apoptotic effect, demonstrat- 
ing an ability of IEX-1L to compensate the 
cells for a loss of RelA that results in them 
becoming sensitive to TNF-mediated apopto- 
sis. The IEXlL-mediated protection was 
highly reproducible with two independently 
transfected bulk cell cultures, p65K03T31 
IEX- lL(1) and p65K03T3lIEX-lL(2), in four 

We next examined whether TNF-induced 
expression of IEX-1L was defective in these 
cells. As shown in Fig. 3C, I U L  mRNA 
was about 14-fold lower in density in Jurkat 
I K B ~ M  cells than in Jurkat Lxsn cells after 1 
hour of treatment with TNF. A weak band 
similar to IEX- 1 L in size ( about 1.3 kb) was 
observed in wild-type 3T3 (wt3T3) but not in 

separate experiments. This conclusion was p65K03T3 cells 30 min after treatment with 
further strengthened by a similar protection mouse TNF (8). The difference in the amount 
obtained from three independently transient 
transfections. As shown in Fig. 3D, viability 
of p65K03T3 cells in response to TNF treat- 
ment increased from 20 to 35% in the ab- 
sence of IEX-1L to 65 to 72% in the presence 
of IEX- 1 L. 

Similarly, the percentage of apoptotic Jur- 
kat I K B ~ M  cells or cells transfected with 
vector alone increased from 10% to more 
than 55% over the TNF concentrations used 
(Fig. 3B). However, Jurkat I K B ~ M  cells 
transfected with IEX-1L showed a diminished 
capacity to undergo TNF-induced apoptosis; 
in fact, the TNF dose-response curve of IEX- 
1L-transfected Jurkat I K B ~ M  cells was sim- 
ilar to that observed with Jurkat Lxsn cells 
(Jurkat cells transfected with a Lxsn vector 
alone) (4) (Fig. 3B). 

of IEX-1L transcript appeared to be dimin- 
ished with prolonged TNF treatment. 

These results suggested that an early de- 
fect in the expression of IEX-1L was likely a 
cause for the increased susceptibility of 
p65K03T3 and Jurkat I K B ~ M  cells to TNF- 
mediated apoptosis. To investigate this di- 
rectly, we expressed IEX-1L in an antisense 
orientation in normal Jurkat cells. This par- 
tially blocked TNF-stimulated expression of 
IEX-1, as evidenced by a reduction in immu- 
nofluorescent staining by IEX- 1-specific an- 
tibody in cells bearing antisense IEX-1L rel- 
ative to that in control cells (Fig. 4A). In 
spite of having normal NF-KB proteins, the 
antisense IEX-1L-transfected cells under- 
went apoptosis at highly significant (P < 
0.01) amounts at a TNF concentration of 

v LI U Fig. 3. /EX-1L compen- A 80 - ,,,-,, . +- 
sates p65K03T3 (A) and - / - vector C JK-Len JK-IKBQM 

Jurkat 1~6at-l (B) cells for I- 

a defect in the activation $ 
T~ms TNF-a 

0 1 2 0 1 2-addedchr) 
of NF-KB proteins. The U --v " - 
cells were 'stably trans- '- I '+IM I L ~ R N L  

fected with a BCMCS- i -k- 6 t :g y: 
Hyg-IEX-1L (/EX-1L) plas- 2 
mid or BCMCS-Hyg vector 

O - i , , , . )  
--G~PDH 

alone (V) and treated with o so 100 150 ZOO 950 

the indicated concentra- P \I I 

tions of either mouse (A) 
or human (0) TNF for 40 
hours (9, 72). Percentages 
of apoptotic cells were 
analyzed as in Fig. 2C. 
One representative ex- 
periment of four (A) or 
three (0) experiments 
performed in duplicate is 

in these transfe&ants is 
shown bv immuno~reci~i- O k r K ~ ~ ~  
tation, f6llowed by'imAu- 
noblotting analysis with TNF-(I (Ulrnl) 

/EX-1-specific Ab. V, L,, 
and L, refer to vector alone- and /EX-1L-transfected p65K03T3 cell cultures /EX-lL(1) and 
/EX-1(2), respectively (A, inset). C, V, and L represent untransfected and vector alone- or 
/EX-1L-transfected Jurkat 1~Bab-l cells (0, inset). (C) Northern blotting analysis of /EX-1L 
expression in Jurkat 1~Bat-l cells. Jurkat I K B ~ M  cells and Jurkat Lxsn control cells were 
stimulated with TNF (1000 Ulml). Blot containing mRNA at 2 kg per lane purified at the 
indicated time points was hybridized with an /EX-1L-specific probe, consisting of a 11 1- 
nucleotide sequence present only in the /EX-1L gene (7). C3PDH was used as an equal mRNA 
loading control. (D) Transient expression of /EX-1 L protects p65K03T3 cells from TNF-induced 
cell death. p65K03T3 cells were cotransfected with equal amounts of plasmid pRc-IEX-1 L (/EX-1 L) or 
pRc empty vector (Vector), along with pCMV-LacZ (IacZ) expressing vector (Stratagene) by the 
lipofectamine protocol Mouse TNF-a (1000 Ulml) was added 40 hours Later for 20 hours and then the 
cells were stained with 5-bromo-4-chloro-3-indolyl P-D-galactopyranoside. Viable blue cells remaining 
after TNF treatment are shown as a percentage of untreated viable blue cells. Each represents the mean 
of triplicate wells of a six-well plate 2 SD and cells are counted as described in Fig. 2D. Data 
of three independent experiments (Exp. 1, 2, and 3) performed are shown. 

200 units (U)/ml compared with those ob- 
served with untransfected cells or with cells 
transfected with vector alone (Fig. 4B), 
which suggests that NF-KB-mediated pro- 
tection depends on expression of IEX-1L. 
The effect of antisense IEX- 1L became less 
pronounced at a TNF concentration of 500 
Ulml (P < 0.05), presumably due to a 
larger amount of induced IEX-1L transcript 
that overcame the neutralizing effect of 
antisense IEX- 1L mRNA or additional anti- 
apoptotic genes being activated. 

The data presented here demonstrate 
that cellular resistance to TNF-induced kill- 
ing is directly related to the ability of cells 
to rapidly express IEX-1L in response to 
TNF stimulation. Thus, a rapid increase in 
the expression of IEX-1L after addition of 

B Log Fluorescence 
=O 1 

Fig. 4. Effect of antisense /EX-1L. (A) Jurkat 
cells were stably transfected with either a con- 
struct inserted with /EX-1L in an antisense ori- 
entation (JKIpRcAlEX-1 L) or pRdCMV vector 
alone (JklpRc) (72). The transfectants and un- 
transfected cells (JK) were treated with or with- 
out TNF (500 Ulml) for 3 hours, fixed in 1% 
paraformaldehyde, permeabilized in 1% digito- 
nin, and then stained with /EX-1-specific Ab, 
followed by phycoerythrin-conjugated goat im- 
munoelobulin C to rabbit. Numbers represent 
meanwfluorescence intensity for anahsis of 
5000 events; dashed line represents histograms 
of an irrelevant Ab. (B) Cells in (A) were treated 
for 40 hours with indicated concentrations of 
TNF. Apoptosis was analyzed as in Fig. 2C. 
Percentages represent mean 2 SD of three 
independent experiments with one transfec- 
tion. One representative experiment of three 
independent transfections performed is shown. 
Statistic significance was analyzed by Student's 
t test. 
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TNF may be key to the mechanism underlying 
TNF-mediated protection. Indeed, all TNF kill­
ing-resistant cell lines tested including HeLa, 
Jurkat, U937, Sw480, H9, NIH 3T3, and Hut78 
cells express IEX-IL after TNF stimulation (6, 
8). In contrast, a decrease or delay in TNF-
induced expression of IEX-YL is likely to in­
crease cell susceptibility to TNF-induced apo-
ptosis, as was found in p65K03T3, Jurkat-
IKBCXM, and Jurkat cells bearing an antisense 
IEX-YL (4). Our unpublished data also showed 
that IEX-YL was potentially regulated by the 
RelAlc-rel complex (8), in agreement with pre­
vious observations that overexpression of the 
c-rel gene protected cells from TNF-induced 
cell death (2, 3) and that RelA gene knockout 
mice died at 15 days of gestation (14). Howev­
er, unlike RelA- / - mice, mice lacking the 
c-rel gene are developmentally healthy (75), 
which suggests that IEX-IL may be only one of 
the NF-KB/Rel protein-regulated survival 
genes. 
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TNF-a is one of the principal mediators of 
the inflammatory response in mammals (I). 
In addition to its well-known role in acute 
septic shock, it has been implicated in the 
pathogenesis of chronic processes such as 
autoimmunity, graft-versus-host disease, 
rheumatoid arthritis, Crohn's disease, and the 
cachexia accompanying cancer and acquired 
immunodeficiency syndrome (2). Therapies 
such as neutralizing antibodies to TNF-a and 
chimeric soluble TNF-a receptors have dem­
onstrated efficacy against some of these con­
ditions in clinical trials (3). 

We developed mice deficient in TTP, the 
prototype of a family of CCCH zinc finger 
proteins whose members have been identified 
in organisms ranging from humans to yeast 
(4-7). Although the TTP-deficient mice ap­
pear normal at birth, they soon develop a 
complex syndrome of inflammatory arthritis, 
dermatitis, cachexia, autoimmunity, and my­
eloid hyperplasia. Essentially all aspects of 
this syndrome can be prevented by repeated 
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injections of antibodies to TNF-a (8). Mac­
rophages derived from fetal liver of TTP-
deficient mice, or from bone marrow precur­
sors or resident peritoneal macrophages from 
adult mice, exhibited increased production of 
TNF-a, as well as increased amounts of 
TNF-a mRNA, after stimulation with lipo-
polysaccharide (LPS) (9). For example, rela­
tive to control macrophages, bone marrow-
derived macrophages from the knockout mice 
secreted about five times as much TNF-a 
after incubation with LPS (1 |xg/ml for 4 
hours), and amounts of TNF-a mRNA were 
about twice as large in the knockout cells as 
in the controls (9). 

To investigate the mechanism of this ef­
fect, we evaluated the potential influence of 
TTP on TNF-a gene transcription. We trans­
fected a human TTP genomic construct, in 
which the instability-inducing 3'-untranslated 
region (UTR) of the TTP mRNA (10) was 
replaced by the 3'-UTR from the human 
growth hormone mRNA (11), with a TNF-a 
promoter-chloramphenicol acetyltransferase 
(CAT) reporter construct (Pro-CAT). This 
construct contained 2.3 kb of the mouse 
TNF-a promoter linked to the CAT coding 
sequence and a 3 '-UTR from a human growth 
hormone cDNA (12). Transfection of several 
cell types (chick embryo fibroblasts, NIH 
3T3 mouse fibroblasts, and Rat-1 fibroblasts) 
led to nonspecific "squelching" of several 
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Tumor necrosis factor-a (TNF-a) is a major mediator of both acute and chronic 
inflammatory responses in many diseases. Tristetraprolin (TTP), the prototype 
of a class of Cys-Cys-Cys-His (CCCH) zinc finger proteins, inhibited TNF-a 
production from macrophages by destabilizing its messenger RNA. This effect 
appeared to result from direct TTP binding to the AU-rich element of the TNF-a 
messenger RNA. TTP is a cytosolic protein in these cells, and its biosynthesis 
was induced by the same agents that stimulate TNF-a production, including 
TNF-a itself. These findings identify TTP as a component of a negative feedback 
loop that interferes with TNF-a production by destabilizing its messenger RNA. 
This pathway represents a potential target for anti-TNF-a therapies. 
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