
artificial cerebrospinal fluid contaning 119 mM 
NaCI, 2 5 mM K C  I .O mM MgSO,, 2 5 mM CaCI,, 
1.0 mM NaH,PO,, 26 2 mM NaHCO,, and 10 mM 
glucose, equilibrated with 95% 0, and 5% CO, 
(pH 7 3 to 7 4) at 21" to 23°C In some experi- 
ments, plcrotoxin (50 to 100 pM) was added to 
the bath solut~on with no effect on LTD (mean 
depression was 475 ? lo%, n = 10, in the 
absence of picrotoxn versus 45.5 + lo%, n = 12 
In the presence of 100 pM pcrotoxin) Whoe-cell 
patch-clamp recordngs were obtained from CAI 
pyramidal cells The patch electrodes (5 to 10 
megohms) contained 130 mM KCI, 0 4 mM CaCI,, 
1.1 mM EGTA, 1 0 mM MgCI, 5 0 mM NaCI, 10 
mM potassium Hepes (pH 7 3), 2 mM Mg2+- 
adenosne trphosphate, and 0 1 mM Na+-gua- 
nosine trphosphate. Afferent flbers In the stratum 
radatum were stimulated at 0 05 to 0 1 Hz with 
bpolar stainless steel electrodes. The h o d n g  
potential was -70 mV. To elcit LSD, we applied a 
perod of 5-Hz stmulaton for 3 to 5 m n  under 
voltage-clamp or current-clamp conditions Un- 
der current-clamp mode, the soma membrane 
depoarlzed by 15 to 25 mV during the tran. We 
constructed summary graphs of EPSC amplitudes 
by normalizing data in 60-s epochs to the base- 
line EPSC recorded for 10 to 15 min at the start of 
each experiment. MCPG was purchased from 
Tocris Neuramin (Bristol, England), and DM-nitro- 
phen from Calbochem 

19. Ultraviolet (UV) llluminaton (Philps 90-W quartz 
mercury high-pressure arc lamp), for 40 to 60 s in 
duraton, was applled 15 min after obtainng the 
whole cell configuraton. We estmated [Ca2+] to 
be > I  pM on the basis of mcrocuvette measure- 
ments with fura-2 (31). We omitted Mg2+ from the 
intracelluar solution because of its h g h  affinity for 
DM-nitrophen (32). Evdence that UV photoys~s 
elevated [Ca2+] ncludes inducton of a Ca-acti- 
vated K+ current Also, elevated [Ca2+] can par- 
tcipate in inducing LTD under appropriate condi- 
tons (27). Eectrcal stimulaton of the Schaffer 
collaterals (3 min at 5 Hz) 5 to 8 min after 
photoysis of DM-nitrophen induced normal LTD 
(EPSC was reduced to 54 4 2 2.8% of control n 
= 3), lndicatlng that the DM-ntrophen and UV 
Ight exposure d d  not inhlbit LTD. 

20. NMDA ellcited Inward currents (>I00 PA) w~ th  
typlcal voltage-dependent rectification. The 
D-APV (50 pM) decreased a late phase of the 
EPSC by 19 i 5% at 25 ms (mean + SEM, t = 
3.2. P < 0 02, pared t test; n = 6). 

21. Z. I. Bashr e ta / . .  Nature 363, 347 (1993) 
22 S. A Eaton et a i ,  Eur. J Pharmacol. 244, 195 

(1 993). 
23 MCPG (500 pM) had no effect on the normal 

EPSC (Fg 2C) or on NMDA-induced current 
24. A Baskys and R.  C. Maenka J Physiol. 444. 687 

(1991). 
25. C. H. Davies et ai Soc Neurosci. Abstr. 19, 276 

(1 993). 
26. The sEPSCs were recorded on videotape for 

off-line analysis. Data were analyzed with the 
SCAN 4 Ob program (J. Dempster, Dagan, Mn- 
neapos MN). Signals were compared w~th  a 
threshold set above baseline nose (-1 5 to -2 
PA) and samples were collected and stored 
when the threshold was exceeded Nose artfacts 
and overlapping events have been excluded. 

27. A train of short (50-ms) depolarizing steps to 0 mV 
at 5 Hz was applled to the postsynaptic neuron 
durlng ACPD application This caused an irre- 
versible presynaptc Inhibition in all slices even 
after ACPD was washed out for 30 m n  ( n  = 7). 
The same tran In the absence of ACPD had no 
effect on EPSC ( n  = 3) We also produced an 
irreversible depression of the EPSC by pairing 
ACPD with UV photolysis of DM-n~trophen (V. Y. 
Bolshakov and S A. Siegelbaum, unpubl~shed 
data), consstent w~ th  a role for increased [Ca2+] 
and providing a positlve control for the experi- 
ment of Flg. 1 E 

28. F Edwards, Nature350. 271 (1991) H Korn and 
D Faber, Trends Neurosci. 14 439 (1991) T 
Manabe, D J. A. Wyllie, D. J Perkel, R A N~coll, 
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Linkage Analysis of IL4 and Other Chromosome 
5q3 1 . 1  Markers and Total Serum 
Immunoglobulin E Concentrations 

David G. Marsh,* John D. Neely, Daniel R. Breazeale, 
Balaram Ghosh, Linda R. Freidhoff, Eva Ehrlich-Kautzky, 

Carsten Schou, Guha Krishnaswamy, Terri H. Beaty 
Sib-pair analysis of 170 individuals from 11 Amish families revealed evidence for linkage 
of five markers in chromosome 5q31.1 with a gene controlling total serum immunoglobulin 
E (IgE) concentration. No linkage was found between these markers and specific IgE 
anflbody concentrations. Analysis of total IgE within a subset of 128 IgE antibody-negative 
sib pairs confirmed evidence for linkage to 5q31 . l ,  especially to the interleukin-4 gene 
(IL4). A combination of segregation and maximum likelihood analyses provided further 
evidence for this linkage. These analyses suggest that IL4 or a nearby gene in 5q31.1 
regulates IgE production in a nonantigen-specific (noncognate) fashion. 

T h e  immunogenetic mechanisms underly- 
ing heightened IgE responsiveness seen in 
the atopic diseases may be divided into two 
types, antigen (Ag)-specific and non-Ag- 
specific (1). The former is strongly influ- 
enced bv HLA-D-encoded. maior histo- , , 
compatibility complex class I1 genes (1, 2) 
and involves cognate T cell-B cell interac- - 
tion. The latter, noncognate regulation of 
IgE, could involve primarily basophils, mast 
cells, and possibly other FceRI+ cells, with 
supplemental involvement of T cells (3, 4). 

T helper lymphocytes, types 1 and 2 
(TH1 and TH2), play a crucial role in 
facilitating the immune response (5, 6). 
The expression of several diseases can de- 
pend on whether TH1 or TH2 lymphocytes 
predominate in response to an Ag challenge 
(7). The IgE antibody (Ab)-mediated 
atopic allergies provide a particularly good 
model for studying TH2-associated diseases. 
The Ag-cognate interaction of B cells with 
TH2 cells involves CD40-CD40L binding, 
B cell activation, and the release of IL-4 
and IL-13 from the TH2 cells. This process 
leads to Ig heavy chain class-switching to 
the E isotype, resulting in specific IgE Ab 

D G Marsh J D Neely B Ghosh, L R Freldhoff E 
Ehrl~ch-Kautzky, G Krlshnaswamy, Johns Hopklns 
Asthma and ~ i e r ~ ~  Center. ~chooLof Medicne, 5501 
Hopkins Bayview Boulevard. Baltmore, MD 21224, 
USA 

responses (6, 8, 9). It appears that IL-5 
facilitates IL-4-induced class-switching (1 0). 
Interleukin-4 is crucial for the develop- 
ment and functioning of TH2 cells (5, 6, 
8, 1 I ) ,  including their ability to express 
IL-5, leading to eosinophilia (1 I ) .  It has 
been shown that activated normal human 
basophils express and secrete IL-4, in a 
process that is facilitated by IL-3 (3). The 
basophils are able to interact with B cells 
through CD4O-CD40L, leading to the pro- 
duction of IgE (3). This interaction is not 
Ag-driven and is, therefore, noncognate. 
The overall production of IgE by both 
cognate and noncognate pathways is re- 
flected in the total serum IgE concentra- 
tion, which can readily be measured as a 
quantitative trait. 

Studies of twins have shown that total 
serum IgE concentration is largely deter- 
mined by genetic factors (12). Family stud- 
ies have favored recessive, dominant, or 
codominant models for a postulated major 
gene controlling total IgE (1, 13, 14), 
usually with a significant polygenic influ- 
ence (involving multiple minor genes). Es- 
timates of heritability of log[total IgE] from 
twin and family st~~dies of Caucasoid sub- 
jects range from about 0.37 to 0.84 (12, 
14). Several family studies have provided 
evidence against linkage between a major 
gene for total IeE and HLA in chromosome 
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with other candidate genes for atopic dis- 
ease, including IL5 and IL13, mapping 
within the "IL4 cytokine-gene cluster" in 
chromosome 5q3 1.1, or within 5q3 1.2-q33 
(Fig. 1). Therefore, we elected to test for 
linkage between log[total serum IgE] or 
log[serum IgE Abs] and several polymorphic 
genetic markers in and around 5q3 1.1-q33, 
with a primary focus on markers mapping 
within IL4 itself and in, or close to, the IL4 
cluster. We also simplified the genetic com- 
plexity of the problem by studying large 
families from a genetically isolated farming 
community with a relatively uniform envi- 
ronment, namely the Pennsylvania Old 
Order Amish. Smoking, which has been 
associated with elevated total IgE (16), is 
relatively rare or light in  the Amish; there- 
fore, its effect on IgE should be negligible. 

Eleven large Caucasian Amish families 
(170 subjects, 59% male) were selected on 
the basis of detectable serum IgE Ab to 
common inhalant allergens (1 7) in  at least 
one child. All family members gave their 
informed consent. Analysis of eight DNA 
markers in chromosome 5q (Fig. 1) was 
performed (1 8, 19). Total IgE (20) and 
Ag-specific IgE Ab (1 7) concentrations were 
measured. Multiallergen IgE Abs were as- 
sayed to a composite of 20 common 
aeroallergens; IgE Abs were also assayed to 
the house-dust mites Dermatophagoides ptero- 
nyssinus (Der p) and D. farinae (Der f ) .  We 
analyzed the marker and IgE data with the 
sib-pair method originally proposed by Hase- 
man and EGton, as implemented in SIBPAL 
in the co'mp~~ter package S.A.G.E. (21). 
The quantitative traits investigated were 
log[total IgE], log[multiallergen IgE Ah], 
log[Der p IgE Ah], log[Der f IgE Ab], and 
i~g[mean  Der p-Der f IgE Ah]. 

A total of 119 sibs [77 male (M), 42 
female (F)],  which provided 349 sib pairs, 
were analyzed from the 20 nuclear families 
comprising the 11 pedigrees. The mean age 
of these sibs was 22.9 ? 16.4 (SD) years, 
ranging from 4 to 79 years, with almost 
identical means, standard deviations, and 
ranges for both sexes. Males had higher 
geometric mean total IgE concentrations 
than females (126.5 compared with 70.3 
nglml, P = 0.05). The mean age for the 
entire group of 170 subjects was 34.1 * 
23.1 (SD) years, ranging from 4 to 82 years, 
with males having twofold higher geometric 
mean total IgE concentrations than females 
(104.5 compared with 52.6 nglml, P = 
0.008). Similar sex-associated trends were 
observed for multiallergen IgE Ab and the 
two mite-specific IgE A b  concentrations, 
but these differences were not significant. 
Thirty-five percent of the pop~llation (39% 
M and 30% F) was positive in  the multi- 
allergen test, and 21% (24% M and 17% F) 
was positive to one or both of the Der- 
matophagoides mites, predominantly Der f. 

These sex-associated differences are expect- 
ed, because males (especially young males) 
are known to have significantly higher total 
IgE and to be significantly more atopic than 
females in  the same age range ( I ) .  The 
log[total IgE] was only moderately well cor- 
related with the log[multiallergen IgE Ah] 
(r = 0.52, P = 0.0001). 

Table 1 (columns 4 to 6) shows the 

results for all 349 sib pairs for the eight 
markers in  or near chromosome 5q31-q33 
with log[total IgE], in which sex and age 
were included as covariates. Notably, IL4- 
Rl ,  IRFI, IL9, D5S393, and D5S399, all 
located in 5q3 1.1, gave significant evidence 
for linkage. The loci mapping outside 
5q31.1, namely D5S404 on the centro- 
meric side and D5S210 and CSFl R on the 

u 05S393, 0 5 ~ 4 0 4  IL4 cytokine-gene cluster , 05S399 

I n  n 
Centrornere U U 

Locus IL13 IL4 115 IRFl coczac IL3 CSF2 IL 9 EGRI CD14 
D~stance (kb) 30 100-170 -100 100 150 s9 -1000-3000 1000 1000 

Mouse synteny - 
chrom 11 chrorn 13 chrom 18 

D5SZlO 
D5S207 1 n ,! Telomere 

Locus: CD14 FGFl GRL ADRB2 CSFlR PDGFR IL12B 
Distance (kb): 900 200 200 810 980 50.5 -3000-4000 

Mouse synteny: 1: 
- - - - - - - - 

chrom 18 chrom 18 chrom 11,13 

Fig. 1. A map showlng genes of known physical locatlon and certain polymorphic microsatellite 
markers in and around human chromosome 5q31 1-q33 (24, 36) Beside various lnterleukln genes, 
the map Includes the following genes IRF1, interferon regulatory factor-1, which encodes a 
transcription activator of IFNA and IFNB and other IFN-inducible genes; CDC25C, cell dlvlslon cycle 
25. CSF2, granulocyte-macrophage colony stimulating factor. TCF7, T cell-speciflc transcription 
factor-7. EGR1, early growth factor response-1; CD14, cell-Ag 14, FGF1, fibroblast growth factor-1 
(acid~c); GRL, lymphocyte-speclfic glucocorticoid receptor; ADRB2, the P,-adrenergic receptor, 
CSFlR, colony stimulating factor-1 receptor: and PDGFR, platelet-derived growth factor receptor 
Band 5q31.1 extends approximately from IL13 to CDl4. No recombination has been observed 
between 055393 and 055399 In this study, or as reported (34). The reported sex-averaged 
recomblnatlon distances, 055404 to IL9, IL9 to 055399, and 055399 to CSFlR, are 9.9 to 10 3 
centlmorgans (cM), 1.3 to 2.5 cM, and 14.7 to 26.8 cM. respectively (34). As shown, segments of 
various mouse chromosomes are syntenic to this region, including the IL4 cytokine-gene cluster in 
mouse chromosome 11 (34). For methods, see (37). 

Table 1. Sib-pair analyses for age- and sex-adjusted log[total IgE] for eight chromosome 5q 
markers in 11 Amish kindreds for the entire set of 349 pairs of full sibs and the set of 128 pairs of 
full sibs, all of whom have no detectable IgE antibody as  determined from the multiallergen test. 

349 palrs of sibs* 
128 pairs of sibs with 

No of Hetero- undetectable IgE Ab 
Locus allelest zygosity$ 

T t P T t P 
means statistic value1 means statlstlc value11 

055404 7 (7) 0.57 (0 73) 0.486 -0.75 0.23 0 479 0 1 0  0 5 4  
IL4-R1 5 (10) 0.31 (0 49) 0.5227 -2 47 0.0069 0.506 -4.65 0.000004 
IRFl 4 (4) 0.55 (0 74) 0 506 -1 68 0.047 0.484 -3.27 0.00071 
IL9 7 (9) 0.84 (0.80) 0.504 -2.08 0.019 0.475 -2.10 0.019 
055393 7 (10) 0.86 (0.84) 0.510 -2.54 0.0058 0.492 -3.13 0.0011 
055399 6 (8) 0.87 (0.80) 0.503 -2 90 0.0020 0.483 -3.24 0.00078 
055210 7 (10) 0.77 (0.78) 0.493 -1.21 0.11 0482 -1.00 0.16 
CSFlR 7 (10) 0.81 (0 86) 0.494 -0.27 0.40 0.460 1.10 0 86 

'For these analyses, there were 345 df, except for the CSFlRmarker (336 df) for whch we were unable to assign 
the alleles of one of the sibs unequivocally because of a mutation in the microsatell~te repeat length at this locus 
For the other set of analyses, there were 124 df in all cases, ?The numbers of alleles found in our non-Amish 
studes or publshed studes (34) are shown in parentheses, +For each of the markers, we estimated the total 
heterozygosity contributed by the 20 nuclear families by combnlng data from the phenotypes of each parental 
mating adjusted by the number of sib pairs. The heterozygosity reported for Caucasoid popuatons (34) is shown 
in parentheses, $Average proportion of marker alleles dentical by descent (IBD) over all pairs of full 
sibs. lThe variability in lod scores for the 5q31 1 markers (lL4-RI to D5S399) reflects the different information 
content of the markers as well as linkage to og[total gE]  Omssion of the covariates, age and sex, led to very little 
change In the Pvalues. Because the sib-pair method assumes a normal distribution, it can be highly senstive to 
the presence of outlying data points In ths context t IS worth notng that the log[total IgE] distributons did not 
dlffer sgnificanty from normality. In additon, when all data ponts y n g  2 3  SD from the mean of each dstrbution 
were removed, the significance was of an equal or greater order of magntude for a the 5q31 .I markers. For 
example, when outliers were deleted, the Pvaue  for the IgE A b  subset for 114 became 0.000001. ?Value is 
significantly dfferent from 0.500 
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telomeric side, showed no significant evi- 
dence for linkage (P > 0. l ) .  None of these 
eight markers showed significance (P 2 
0.2) for similar sets of analyses with any of 
the following IgE Ab traits: log[multialler- 
gen IgE Ah], log[Der p IgE Ah], log[Der f 
IgE Ah], or log[mean Der p-Der f IgE Ah]. 
In further sib-pair analyses of log[total IgE] 
data, we included log[multiallergen IgE Ah] 
as an additional covariate (with aee and u 

sex). Our results generally showed slightly 
more significant P values than shown in 
Table 1 for all 349 pairs of sibs; for exam- 
ule. the P value for IL4-Rl was 0.002. Our 
& .  

analyses, therefore, provide evidence of 
linkage of the 5q3 1.1 markers with log[to- 
tal IgE], but not with log[IgE Ab] to 
common aeroallergens, suggesting genetic 
control on overall IgE production in a 
noncognate fashion. 

The specific IgE Ab component, in- 
duced by means of Ag-cognate mecha- 
nisms. is markedlv influenced bv immune 
response (Ir) gene's and by enviionmental 
exuosure to allergens. Therefore, the total 

u 

IgE phenotypes of atopic subjects contain a 
substantial amount of "noise" which reflects 
their variable IgE Ab profiles (22) ; this can 
be eliminated by removing these subjects. 
Therefore, we next excluded all sibs who 
had detectable IgE Ab by the multialler- 
gen test and analyzed the remaining 128 
"nonatopic," IgE Ab- sib pairs. IL4 and the 
neighboring marker, IRFI, now showed 
stronger evidence of linkage with log[total 

log[total IgE (nglml)] 

Fig. 2. Predicted distribution for log[total IgE] 
under the best-fitting two-distribution (dominant 
high IgE) model obtained from segregation 
analys~s of all 170 Am~sh subjects. Th~s major 
gene accounts for approximately 25% of the 
variance, similar to our previous reports (14). 
The model predicts that 94.6% of the popula- 
tion (genotypes AA and AB) would be drawn 
from a normal distribution with a mean log[total 
IgE (ng/ml)]paa,nB = 2.34 ? 0.12 (SD), where- 
as 5.4% (genotype BB) would be drawn from a 
distribution with pBB = 0.85 + 0.40 (SD). This 
model includes residual correlations among full 
sibs (p,,, = 0.21), between spouses (p,, = 

-0.21), and between parent and offspring (p,, 
= 0.03), as well as fixed effects of age and sex 
(pAge = -0.008 and P,,, = -0.28). 

IgE] (P = 0.000004 and P = 0.0007, 
respectively; Table 1, columns 7 to 9, 
analvses of 128 uairs of sibs). Moreover. the 
overall consisteky and significance of the 
associations for five markers in 5a3 1.1. as 

A ,  

well as exclusion for markers outside this 
region, argue against this being a sp~lrious 
result. We also analyzed the "atopic," IgE 
Ab+ subset (66 sib pairs) and found no 
evidence of linkaee for anv of the chromo- 
some 5 markers, Lither fo; log[total IgE] or 
log[multiallergen IgE Ab]. 

To investigate further the linkage be- 
tween a locus controlling log[total IgE], we 
carried out segregation analysis for all 170 
Amish subiects ~lnder Class D regressive - 
models, including sex and age as covariates, 
while estimating residual spouse-spouse, 
parent-offspring, and sib-sib correlations 
(23). Two-distribution models, either dom- 
inant high or dominant low log[total IgE], 
fitted the data significantly better than a 
single-distribution model (X2 = 7.95 and 
7.50 with 2 df; P < 0.025 in both cases). 
There was no evidence that the codomi- 
nant model provided a better fit than the 
high or low dominant model ( X 2  = 0.15 
and 0.30 with 1 df; P not significant). The 
major gene for total IgE that we previously 
identified (1 4) had the same general char- 
acteristics. However, our "best" high dom- 
inant model (Fig. 2), like our previous 
model, suffers from a substantial overlap of 
the distributions, thereby complicating 
likelihood-based linkage analysis. 

Maximum likelihood estimates. ex- 
pressed as lod scores (logarithm df the 
likelihood ratio for linkage), for linkage of 
log[total IgE] to the eight markers are pre- 
sented in Table 2. The two analyses in this 

Table 2. Lod scores for two-point analyses for 
linkage of log[total IgE] to eight markers in and 
around 5q31 1 on two subsets of 11 Amish 
kindreds under the high IgE dominant Mende- 
lian model. Because of computational difficulty 
arising from a marriage loop, we performed two 
separate analyses, wh~ch required alternately 
excluding sets of double f~rst couslns. 

Lod at 0 = 0.00% 
Marker 

Analysis 1 Analysis 2 

D5S404t -2.07 -2.37 
IL4-R1 0.76 0.78 
lRFl 0.76 0.75 
IL9 1.12 1.08 
058393 1.29 1.22 
D5S399 1.45 1.39 
D5S2 10 1.84 1.71 
CSFl R t  -1.54 - 1.88 

*The lods for each of the markers under the best-fitting 
low IgE dominant and codominant models were very 
similar to those shown above, which probably reflects 
the marked overlaps between the phenotypic 
distributions. ?The maximum likel~hood estimates 
all peaked at 0% recombination for all the markers 
except D5S404 and CSF1R. 

table encompass slightly different subsets, as 
described in the table. All but the two 
outermost markers gave positive lods LIP to 
1.84. These scores, by themselves, are not 
normallv considered significant ~lnder the 
null hyiothesis of no rinkage (typically a 
lod r 3.0 for a genome-wide screen). How- 
ever, given the a priori hypothesis that IL4 
is a primary candidate gene, these lod scores 
for five 5q31.1 markers and D5S210 
(5q3 1.2) strongly suggest linkage. 

Previous familv and twin st~~dies have 
provided strong ividence for the genetic 
determination of total serum IgE concentra- - 
tions, whereas recent cellular immunologic 
studies have emuhasized a critical role for 
IL-4 in reg~llating the differentiation of 
nai've T cells into T,2 cells, promoting 
immunoglobulin switching to IgE and LIP- 
reg~llating IgE biosynthesis. Our s t ~ ~ d y  sug- 
gests an important bridge between these 
findings. We propose that one or more 
polymorphisms in a gene or genes within 
human chromosome 5q3 1.1 are responsible 
for the differential regulation of overall IeE - - 
production. The most likely explanation is 
that one or more f~lnctional uolvmor~hisms 

& ,  A 

exist in a coding region or, more probably, 
a regulatory region of the IL4 gene. How- 
ever, numerous genes map within 5q3 l .  l ,  
including several other candidates, notably 
IL13 and IL5, which might influence IgE 
production. Another possible candidate is 
IRFI, whose gene product up-regulates in- 
terferon a (24) which, in turn, can down- 
reg~llate IgE production (5). Among candi- 
dates that map distal to 5q31.1 are ILlZB, 
which encodes the P chain of IL-12, and 
ADRB2, which encodes the p,-adrenergic 
receptor. Interleukin-12 is a known down- 
regulator of T,2 cells and of IgE production 
(6, 25). Because the p2-adrenergic receptor 
has been imolicated in asthma and other 
atopic diseases (26), possible functional 
polymorphisms of this receptor could indi- 
rectly influence total IgE concentrations. 
However, these two genes do not appear to 
play a role in the differential production of 
IgE, because the closest markers, D5S210 
and CSFlR (Fig. l ) ,  showed no significant 
associations with log[total IgE] in the sib- 
pair analyses. 

Recent studies have revealed a complex 
array of positive and negative regulatory 
elements in the 5' upstream regions around 
300 base pairs of the mouse and human IL4 
genes (27). In addition, there is evidence 
for a mast cell-specific enhancer within the 
second intron of mouse IL4 (28). The 
cytokine IL-4 is required to initiate the 
differentiation of nahe  T cells into T,2 
cells (6, 8), but early in development, there 
are no T,2 cells present to produce the 
necessary IL-4. Basophils and possibly mast 
cells may fulfill this primary role (3) as well 
as contribute to this process throughout 
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life. It seems likely that a generalized up- 
regulation of IL-4 could induce B cells (that - 
are precommitted to make IgG Ab to a 
broad arrav of Aes) to switch to IPE. Under - ,  

normal such polyclonal up-regu- 
lation of IeE would not be soecific for com- - 
mon environmental allergens and would not 
be detected by the multiallergen assay. 

Our observations are relevant in under- 
standing the genetic basis of asthma (29), 
where there is ample evidence for basophil 
and mast cell activation associated with 
enhanced cellular releasability (30). Also, 
associations have been observed in popula- 
tion studies between total serum IeE con- " 
centrations and asthma and bronchial hy- 
perresponsiveness (31, 32). The log odds 
ratio for asthma was linearly related to 
log[total IgE] after adjusting for skin test 
reactivity, age, sex, and smoking (31). 
Also, asthma prevalence was related to 
log[total IgE] even in nonatopic subjects, 
who were skin test-negative to common 
aeroallergens (3 1 ) . These findings provide 
the basis for further exploration of the 
relations between IgE phenotypes, asthma, 
and the functional polymorphism (or poly- 
morphism~) of IL4 and other candidate IgE 
genes in chromosome 5q3 1.1. Subsequent 
to our studies, Borish et al. (33) found fur- 
ther evidence to support our findings. 
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CD26 Antigen and HIV Fusion? 

T h e  human CD4 molecule generally must 
be expressed on a human cell type in order 
to support the membrane fusion reactions 
involved in human immunodeficiency virus 
type I (HIV-I) infection and syncytium 
formation (1 -7). Studies of cell fusion me- 
diated by recombinant CD4 and HIV-1 
envelope glycoprotein (env) indicate that 
this species restriction is unidirectional: 
CD4 must be present on a human cell type, 
whereas env functions comoarablv when 
expressed on human or nohhuman cells 
(2). Furthermore. the fusion defect in CD4- ~, 

expressing nonhuman cells can be over- 
come by forming stable (5) or transient (6, 
7) hybrids with human cells. These findings 
suggest the essential involvement of a hu- 
man-specific accessory component in the 
CD4+ cell rather than the presence of a 
fusion inhibitor in the nonhuman cells or 
an inherent fusion incompatibility between 
human and nonhuman cell tvDes. C. Calle- 

! A  

baut et al. recently proposed that the hu- 
man CD26 antigen, also known as dipepti- 
dyl peptidase IV (DPP IV), serves as an 
essential cofactor for HIV entrv into CD4+ 
cells (8). This report prompted us to ana- 
lvze the role of CD26 in HIV-l envICD4- 
mediated cell fusion. A preliminary summa- 
ry of our findings has been presented (9). 

One of our experimental approaches 
was based on the report by Callebaut et al. 
that transient co-expression of human 
CD4 and CD26 rendered murine NIH 3T3 
cells ~ermissive for HIV infection (8). We ~, 

used a well-characterized expression sys- 
tem based on vaccinia vectors to studv 
directly fusion between cells expressing 

recombinant HIV-1 env and cell types of 
several species expressing recombinant hu- 
man CD4; the objective was to test wheth- 
er co-expression of human CD26 could 
overcome the fusion defect in nonhuman 
cells that express CD4. For sensitive quan- 
titative analysis, we used a newly devel- 
oped assay (10) in which the cytoplasm of 
one cell population contains a transfected 
plasmid with the Escherichia coli Lac2 gene 
linked to a T7 promoter and the cytoplasm 
of other cell population contains vaccinia- 
encoded bacteriophage T7 RNA polymer- 
ase. Cell fusion results in activation of the 
reporter gene selectively in the cytoplasm 
of the fused cells; p-galactosidase activity 
is quantitated in detergent cell lysates 
with a colorimetric assay. We also scored 
cell fusion using a standard assay of syncy- 
tia formation (7. 1 1 ). We used vaccinia ~. , 

vectors to induce the expression of T7 
RNA polymerase, with or without CD4, 
in HeLa (human), NIH 3T3 (murine), 
and BS-C-1 (simian), cells (Fig. I ) ;  each 
cell type was also transfected with either a 
control plasmid or a plasmid containing 
the CD26 complementary DNA (cDNA) 
linked to a strong vaccinia promoter. Flow 
cytometry analysis (Fig. 1A) indicated 
efficient expression of vaccinia-encoded 
CD4 on the surface of all three cell types. 
When CD26 cDNA was included (Fig. 
l A ,  right panels), cell surface CD26 was 
readily detected in each case. The 
amounts of vaccinia-encoded CD26 oro- 
duced in the murine and simian cells were 
comparable to the amounts present in the 
human cells without or with augmentation 

aqueous suspension for 30 min at 95°C. Eight 
polymorphic DNA microsatellite markers (bold 
font, larger size in Fig. 1) were amplfied by PCR 
and analyzed by electrophores~s in denaturing 
acrylamide gels (18) 114-R1, a complex (TG); 
(TA), repeat in intron 2 of lL4 (35) was also 
analyzed by agarose gel electrophoress (79). 
The length for the shortest, most common allele of 
IL4-R1 corresponds to that reported (35). 
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by the vaccinia expression system. Fur- 
thermore, separate analyses of intact cells 
and cell lysates showed that vaccinia- 
mediated CD26 expression greatly elevat- 
ed DPP IV enzvmatic activitv. therebv , , 
confirming the functionality of the ex- 
pressed protein (not shown). 

To analyze cell fusion, we mixed the cell 
populations described above with separate 
populations of cells expressing vaccinia- 
encoded HIV-1 env and also transfected 
with a plasmid containing the Lac2 gene 
linked to the T7 promoter. We examined 
functional wild-type envs from two distinct 
HIV-1 isolates (IIIB and SF2); as a negative 
control, we used a mutant uncleavable env 
(Unc-IIIB, derived from IIIB) that had 
been rendered fusion-incompetent by dele- 
tion of the normal gp1201gp41 cleavage site 
(12). After cell mixing and incubation, the 
detergent NP-40 was added to one set of 
samples and the amounts of p-galactosidase 
were measured (Fig. 18). A second set of 
samples was analyzed microscopically for 
syncytia formation (Fig. 1C). When HeLa 
cells (Fig. lB, top panel) expressing CD4 
were mixed with cells expressing active 
envs from either the IIIB or the SF2 iso- 
lates, large amounts of p-galactosidase were 
produced. We observed only low back- 
ground amounts in the negative controls 
when the mutant uncleavable env was used 
or when CD4 was omitted from the T7 
RNA-polymerase-containing HeLa cells, 
or both. These results demonstrate that the 
P-galactosidase signals with the wild-type 
envs represented envICD4-mediated cell 
fusion. Expression of vaccinia-encoded 
CD26 on the CD4-expressing HeLa cells 
had no significant effects on fusion. When - 
we examined the murine (Fig. lB, center 
panel) or simian cells (Fig. 18, bottom 
panel), expression of CD4 yielded only 
background amounts of p-galactosidase, in- 
dependent of the fusogenic nature of env on 
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