
more likely reflects the differing sensitivi- 
ties and modes of fault zone sampling of 
scattered-wave migration and polarization- 
travel-time analvsis. Extensive fault-varallel 
cracking at seismogenic depths could pro- 
vide a high-permeability channel for along- 
fault fluid flow (1 5,  26). 

The observed correlations of scattering vo- " 

tential, aftershock distribution, and coseismic 
slip imply that structure places a strong con- 
trol on rupture over length scales much great- 
er than event slip and thus at scales that 
should evolve slowly with respect to the 
earthquake cycle. This observation is favor- 
able to the riztion of repeatable events, but 
only inasmuch as the pattern of slip variability 
along individual fault segments is concerned. 
Scattering potential provides no clear indica- 
tion of the initiation or termination of rup- 
ture; that is, there is no characteristic property 
of scattering that delimits rupture, only a cor- 
respondence between scattering and rupture 
where ruDture has occurred. Lastlv, the corre- 
lation o i  aftershock density with structural 
heterogeneity measured before rupture sug- 
gests that main shock-induced changes affect- 
ing aftershock production are structurally re- 
lated or of second-order importance. Insofar as 
they affect scattering, KCM images made from 
recordings since the Landers sequence should 
reveal them. 
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North Atlantic Deepwater Temperature Change 
During Late Pliocene and Late Quaternary 

Climatic Cycles 
Gary S. Dwyer,* Thomas M. Cronin, Paul A. Baker, 

Maureen E. Raymo, Jeffrey S. Buzas, Thierry Correge? 

Variations in the ratio of magnesium to calcium (Mg/Ca) in fossil ostracodes from Deep 
Sea Drilling Project Site 607 in the deep North Atlantic show that the change in bottom 
water temperature during late Pliocene 41,000-year obliquity cycles averaged 1.5% 
between 3.2 and 2.8 million years ago (Ma) and increased to 2.3"C between 2.8 and 2.3 
Ma, coincidentally with the intensification of Northern Hemisphere glaciation. During the 
last two 100,000-year glacial-to-interglacial climatic cycles of the Quaternary, bottom 
water temperatures changed by 45°C. These results show that glacial deepwater cooling 
has intensified since 3.2 Ma, most likely as the result of progressively diminished deep- 
water production in the North Atlantic and of the greater influence of Antarctic bottom 
water in the North Atlantic during glacial periods. The ostracode Mg/Ca data also allow 
the direct determination of the temperature component of the benthic foraminiferal oxygen 
isotope record from Site 607, as well as derivation of a hypothetical sea-level curve for 
the late Pliocene and late Quaternary. The effects of dissolution on the Mg/Ca ratios of 
ostracode shells appear to have been minimal. 

D e e ~ - o c e a n  circulation affects the storage " 

and transfer of heat and nutrients in the. 
ocean, as well as atmospheric C02 (1-3). 

G. S. Dwyer and P. A. Baker, Department of Geology, 
Duke University, Durham, NC 27708, USA. 
T. M. Cronin, U.S. Geological Survey, Branch of Paleon- 
tology and Stratigraphy, Mail Stop 970 National Center, 
Reston, VA 22092, USA. 
M. E. Raymo, Department of Earth, Atmospheric, and 
Planetaw Sciences. Massachusetts Institute of Technol- 

Attempts to evaluate deep-ocean bottom wa- 
ter temperature (BWT) changes, which ac- 
company climate-driven changes in deep- 
ocean circulation, have focused on the 
benthic foraminiferal oxygen isotope (S1'O) 
record, but results have been equivocal. Emil- 
iani (4) first postulated that glacial-to-inter- 
glacial variations in the S180 in benthic ior- - 
aminifers reflected changes in both ice vo1- 
ume and BWT. Later, Shackleton (5) as- ~, 

ogy, cambridge, MA 02139, USA. cribed the 6 l 8 0  variations mainly to changes 
J. S. Buzas, Department of Mathematics and Statistics, 
University of Vermont, Burlington, VT 05051, USA. in ice volume. Recognition of the differences 
T. Corrkcle, Dbpartment de GBoloqie et Ocbanoqraphie, in the 6180  records of various deep-sea cores 
~n ive rs ig  de ~ordeaux I,   venue des ~acul t is ,  Bor- and the discordance between sea-leiel records 
deaux, France. (6) and the S180 record, however, led Chap- 
*To whom correspondence should be addressed. 
?Present address: Laboratoire des Formations Superii- 

pel1 and Shackleton (7) to propose that deep 

cielles, ORSTOM, 32 Avenue Henri Varagnat, 93143 Pacific glacial BWTs were l o  to 1.50Cj and 
Bondy Cedex, France. possibly 2.5'C, lower than interglacial tem- 
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peratures. Labeyrie e t  al. (8), comparing the 
deep Norwegian Sea til'O record to records 
from the Atlantic and Pacific Oceans. uostu- , 

lated that the world's deepwater temperatures 
were 0" to -1°C during the entire last glacial - " 

period (isotope stages 2 to 4), requiring a 
lowering of the deep-ocean temperature of 2" 
to 3.5"C. M i x  and Pisias (9) rejected this idea 
on  the basis of the results of heat budget 
modeling, because such dramatic cooling re- 
quired an improbable (10) faster-than-present 
thermohaline turnover of the oceans during 
the last glacial period. Understanding of the 
uncertai.~ contribution of BWT change to the 
benthic'foraminiferal 6180 record and, more 
generally, to changes in oceanic circulation 
and heat budget during periods of climate 

0  2 4  6  8 10 12 14 16 
Water temperature ("C) 

Fig. 1. Plot of Mg/Ca ratio versus water temperature 
with least-squares fits of samples of core-top ostra- 
codes Yrom the genus K~the. Each data point repre- 
sents the analysis of a single Krithe valve. Plus signs 
are from (19); open circles are from this study. Also 
shown for comparison are electron microprobe data 
on Krithe from an earlier study (solid circles) (18). 
Summaries for each of the three regression lines 
follow, where a and b represent the least-squares 
estimates for intercept and slope, respectively (stan- 
dard errors are in parentheses). Line 1 (19): a = 

6.430 (0.930), b = 1.923 (0.254); line 2 (this study): a 
= 6.729 (0.547), b = 1.71 (0.072); and line 3 (18): a 
= 5.158 (1.099), b = 1.466 (0.272). 

0 1 2 3 4 5 6 7 8  
Visual preservation index 

Fig. 2. Ostracode VPI plotted versus Mg/Ca (upper 
line) and Sr/Ca (lower line) ratios in Pliocene and 
Quaternary Krithe shells from DSDP Site 607 and 
Chain 82-24-4PC. VPI was determined by binocu- 
lar microscopic examination of the ostracode 
shells. A lower VPI value indicates a better pre- 
served (more translucent) shell; for example, 1 = 

transparent, 4 = translucent, and 7 = opaque 
white. Summaries for each regression line follow, 
where a and b represent the least-squares esti- 
mates for intercept and slope, respectively (stan- 
dard errors are in parentheses). Mg/Ca line: a = 

11.409 (0.232), b = -0.41 5 (0.053); Sr/Ca line: a = 

2.934 (0.098), b = 0.025 (0.023). 

change requires a more precise method of 
measuring bottom water paleotemperature. 

Here we use the Me/Ca ratio o f  shells of ". 
the deep-sea ostracode genus Krithe to infer 
BWT in the d e e ~  N o r t h  At lant ic  Ocean 
during late Pliocene and late Quaternary 
climatic cvcles. Ostracodes are bivalved 
Crustacea &hose shells are increasingly be- 
ing used for trace element and isotopic stud- 
ies o f  nonmarine (1 1, 12) and marine (13, 

14) paleoenvironments. Their shells are 
made o f  calcite (CaCO,) conta in~ng minor 
amounts of coprec~pitated magnesium. The  
amount o f  coprecipitated magnesium can 
be described by the following relation: (Mg/ 

Ca),,, = D(Mg/Ca)S,l; where (MglCa),,, i s  
the molar ratio of M g  to  Ca  in calcite, D i s  
the M g  distribution coefficient, and (Mg/ 
Ca),,, is the molar ratio o f  M g  to  Ca  in the 
ambient solution ( i n  this case, seawater). 

8180 813C MglCa Seawater 
(per mil) (per mil) (mmollmol) 

Sea level (m) 

Fig. 3. (A) Benthic foraminiferal oxygen and carbon stable isotopic record for Site 607 [late Pliocene, from 
(21) and (23) and for Chain 84-24-4PC [late Quaternary, from (2); ka, thousand years ago]. All analyses 
are for Cibicidoides wuellerstorfi. To correct for the well-known disequilibrium effect in C. wuellerstorfi, 
0.64 per mil was added to the measured Si80 values. Glacial oxygen isotope stages are displayed along 
the Si80 curve. (B) Ostracode Mg/Ca ratio and (C) Mg/Ca-based paleo-BW calculated with the use of 
calibration 2 (solid line). About half of the data points represent the Mg/Ca ratio determined on a single 
adult valve of ostracode genus Krithe, and about half of the data points represent the mean value of two 
to five single-valve analyses from the same stratigraphic interval. These multiple-specimen intervals had 
an average standard deviation of 6%, which is about three times the analytical precision of Mg/Ca ratio 
measurement. BVVT was calculated as discussed in the text. (D) The solid line is the reconstructed 6180 
of seawater at this site, calculated with the use of our BVVTvalues, the benthic foraminiferal 6j80 values, 
and the calcite-water 6180 equilibrium equation from (36). The curve also represents a reconstruction of 
sea level relative to that of today, which was calculated with the assumption that a 0.1 per mil shift in 
seawater Si80 results from a 10-m change in sea level (37). Modern bottom water values at this site are: 
in situ temperature, 2.6"C (47); salinity, 34.9 per mil (47); Si3C of dissolved inorganic carbon, 0.9 per mil 
(PDB) (23); and 6180, 0.1 per mil (SMOW) (48). The present-day sea-level datum is positioned at 0.1 per 
mil. Pliocene ages discussed in the text are from the left-hand Pliocene time scale (21,23); the right-hand 
Pliocene time scale is from (43). 
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Because of the long oceanic residence times 
for Ca and Mg, which are on the order of 
lo6 and 10' years, respectively (IS) ,  we 
assume that the Mg/Ca ratio of seawater is 
constant over several million years, which 
implies that the Mg/Ca ratio of marine 
calcite is solely controlled by D. 

A strong temperature dependence of D is 
well known for inorganic calcite precipitated 
experimentally from seawater (16). For bio- 
logically precipitated calcite, Chave (1 7) 
showed that Mg content is also controlled by 
phylogeny. Studies of ostracodes (1 1, 14, 18) 

Bandwidth for 46 lags 41,000 years 
1 . m ~  C-3 ., T 

Period (thousands of years) 

Fig. 4. Results of cross~spectral analysis between 
benthic foraminiferal S I 8 0  and ostracode Mg/Ca ra- 
tio records for the late Pliocene interval from 3.0 to 
2.3 Ma. Spectra were generated after interpolation of 
data to equal time intervals. The 80% confidence 
interval (c. i.) and bandwidth are shown at the top of 
the figure and a statistical summary of coherency 
and phase lags is given in Table 1. See lmbrie eta/. 
(32) for further discussion of methodology. 

Table 1. Statistical summary of cross-spectral time 
series analyses. Maximum variance is between 
40,000 and 41,000 years, The coherency (k) and 
phase angle ( f )  are significant at the 0.20 level. 
Sampling interval is 5600 years from 2.31 to 3.07 
Ma. The phase of variables was calculated versus 
negative Si80 (or maximum interglaciation). Nega- 
tive phases indicate that these variables lead 6180.  

Vari- Lead time 

able f (degrees) (thousands 
of years) 

I Analytical error : * 
6 ~ . , . , . , . , . , . ,  , . ; 5 . 5  

0 5 10 15 20 25 30 35 40 
Age (thousands of years) 

Fig. 5. Expanded section of Fig. 3. showing past 
40,000-year record of ostracode Mg/Ca ratios 
and benthic foraminiferal 6180. 

have demonstrated both ontogenetic and in- 
tergeneric variation of D, which requires em- 
pirical calibration of BWT and (Mg/Ca),,, if 
different genera are studied. Using modem 
adult ostracodes from sediment core tops 
collected from the Coral Sea at BWTs rang- 
ing from 2' to 6OC, CorrPge et al. (19) 
derived the following empirical relation for 
the genus Krithe: BWT (OC) = (0.520 X 
Mg/Ca) - 3.3, where Mg/Ca is in millimoles 
per mole (calibration 1, Fig. 1). In a similar 
fashion, using core-top Krithe from the North 
Atlantic collected over a wider temperature 
range (2' to 14OC), we determined a calibra- 
tion for Krithe to be BWT (OC) = (0.854 x 
Mg/Ca) - 5.75 (calibration 2, Fig. 1). The 
error in predicting temperature from the fos- 
sil specimens we analyzed was & 1°C (20). 

Using calibration 2, which was selected for 
several reasons (20), we calculated BWTs 
from the Mg/Ca ratio of Krithe shells from the 
deep North Atlantic for the late Pliocene 
interval from 3.2 to 2.3 Ma from Deep Sea 
Drilling Project (DSDP) Site 607 (41°N, 
33"W; water depth, 3427 m) and from the 
late Quaternary interval from 200,000 years 
ago to the present from Chain core 82-24-4PC 
(42"N, 33"W; water depth, 3427 m). We 
chose these cores for several reasons. Contin- 
uous high-resolution benthic stable isotope 
data have been collected for both DSDP Site 
607 (21) and Chain 82-24-4PC (2,22). In this 
region of the North Atlantic, deep-ocean 
temperature changes during glacial-to-inter- 
glacial fluctuations are thought to have been 
caused by changes in the relative contribu- 
tions of warm, nutrient-poor, North Atlantic 
deep water (NADW), which today predomi- 
nates at the site, and of colder, nutrient-rich, 
Antarctic bottom water (AABW), which is 
hypothesized to have been more important 
during glacial stages (2, 23, 24). Selection of 
this site enabled us to compare the magnitude 
of BWT changes during three distinct climat- 
ic states: a relatively warm interval of global 
climate having low-amplitude climatic cycles 
[3.2 to 2.8 Ma (25-27)], the transition to 
cooler global climate and high-amplitude 
41,000-year cycles [2.8 to 2.3 Ma, isotope 
stages 110 to 95 (21, 25)], and the last two 
100,000-year cycles of the Quaternary (iso- 
tope stages 7 to 1). Finally, the ostracode 
taxonomy at Site 607 is well known (28), and 
quantitative analyses of ostracode assemblages 
from the interval from 3.2 to 2.3 Ma reveal 
that there are four water-mass-related assem- 
blages representing glacial, deglacial, peak in- 
terglacial, and early glacial environments, 
which vary in relative abundances at the 
41,000-year obliquity cycles that are charac- 
teristic of this portion of the 6180 record (29). 

We carried out Mg and Ca analyses on 
individual adult valves of Krithe using the 
procedures in (30), which included ranking 
each specimen with a visual preservation 
index (VPI). A weak correlation between 

ostracode VPI and Mg/Ca ratio and the 
large range of Mg/Ca ratios at a single VPI 
value in the Pliocene and Quaternary ma- 
terial we studied (Fig. 2) suggested that 
postmortem alteration of the shell (dissolu- 
tion) had little effect on the Mg/Ca ratio in 
Krithe shells (31). However, because BWT 
and bottom water corrosiveness likely co- 
vary over time at Site 607, it is difficult to 
completely rule out the effect of selective 
preservation on Mg/Ca variation. Analyses 
of 10 Krithe species from Site 607 and Chain 
82-24-4PC indicated no substantial inter- 
specific variation in the Mg/Ca ratio. 

In general, there is a good correspondence 
between the ostracode Mg/Ca ratios and fora- 
miniferal stable isotope records from the cores 
(Fig. 3). Mg/Ca ratios increase during inter- 
glacial stages and decrease during glacial stag- 
es. In the longer Pliocene section, variance of 
Mg/Ca ratios at the 41,000-year periodicity is 
coherent with that observed in the isotopic 
records (Fig. 4 and Table 1). However, the 
Mg/Ca record is not in phase with the benthic 
isotope records; maxima in Krithe Mg/Ca ra- 
tios lead maxima in 6I3C and minima in 6180 
by about 3500 years. The Mg/Ca record is in 
phase (at the 41,000-year periodicity) with 
maximum abundance of the Argilloecia-Cythe- 
ropteron ostracode assemblage, which predom- 
inates during late deglacial-early interglacial 
times (29). The phase relations summarized in 
Table 1 imply that changes in deep-ocean 
temperature (indicated by Mg/Ca ratios) lead 
changes in ice volume (indicated by 6180) 
and also changes in deep-ocean ventilation 
(indicated by 613C) at this site, thus placing 
ostracode Mg/Ca variations in the "early re- 
sponse" group of Imbrie et al. (32). This result 
suggests that cooling of northern source water 
(NADW) occurred before the increased influ- 
ence of southern source water (AABW) at 
Site 607. 

During the relatively warm and stable cli- 
matic interval from 3.2 to 2.8 Ma (33, 34), 
Mg/Ca ratios averaged 10.0 mmol/mol (indi- 
cating a temperature of 2.7"C) and ranged 
from 8.8 mm0l/mol(1.6~C) to 12.0 mmol/mol 
(4.5"C). The average glacial-to-interglacial 
change (peak-to-trough shift) in Mg/Ca dur- 
ing this interval was about 1.7 mmol/mol (a 
temperature change of 1.5"C). During the 
interval from 2.8 to 2.3 Ma, when continental 
glaciation in the Northern Hemisphere inten- 
sified, the average glacial-to-interglacial shift 
in MdCa increased to 2.2 'mmol/mol; a tem- 
perature change of 2.3"C. Glacial Mg/Ca val- 
ues averaged 8.4 mmol/mol (1.3OC) and in- 
terglacial peak values averaged 1 1.1 mmol/ 
mol (3.6'C). The absolute glacial minimum 
and interglacial maximum Mg/Ca values for 
this period were 7.02 and 12.47 mmol/mol, 
which equate to 0.0" and 4.9OC, respectively. 

In the late Quaternary record, glacial-to- 
interglacial changes in Mg/Ca ratios are 
large, about 5 mmol/mol between isotope 
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stages 7 and 6 and between stages 6 and 5, 
and about 6 mmol/mol from the last glacial 
maximum to the mid-Holocene (Figs. 3B 
and 5). These shifts equate to BWT changes 
of 4' and 5"C, respectively. Interglacial Mg/ 
Ca values (stages 7, 5, and 1) are similar to 
those of the late Pliocene interglacial stages, 
with an absolute maximum of 12.7 mmol/ 
mol (5.1°C) in the mid-Holocene. Glacial 
Mg/Ca values are the lowest observed, de- 
creasing to about 6.5 mmol/mol (0°C) dur- 
ing oxygen isotope stages 6 and 2. The Mg/ 
Ca  record varies considerably during late 
glacial stage.2 and through the Holocene 
(Fig. 5 ) ,  whtch may suggest short-term vari- 
ations in thermohaline circulation (35). The 
record shows also that BWTs have dropped 
by lo to 2°C since the mid-Holocene. 

The ostracode BWT estimates provide a 
means for isolating the temperature contri- 
bution from the benthic foraminifera1 6180 
record and for reconstructing a seawater 
6180 curve (Fig. 3D). T o  illustrate this, we 
used the Mg/Ca-based temperatures and 

- the following equation: 6180,,1 (PDB) - 

6l8OSw (SMOW) + (2.78)(106)(T-2) - 
33.3557, where PDB is Pee Dee belemnite 
standard, SMOW is standard mean ocean 
water, temperature is in degrees kelvin, and 
S180s, is the oxygen isotopic composition 
of seawater (36). W e  assume that variations 
in 6180s, represent changes in glacial ice 
volume (9) and that 10 m of sea-level 
change results in a 0.1 per mil change in 
6180,, (37). The  MglCa-based paleo-sea- 
level record is in general agreement with 
independent sea-level estimates for the late 
Pliocene and the late Quaternary. The high 
eustatic sea-level estimates for the period 
from 3.2 to 2.8 Ma (Fig. 3D) are reasonably 
close to the 25- to 40-m values estimated 
from the passive continental margin of the 
eastern United States (34, 38). Moreover, 
the Mg/Ca-based sea-level record indicates 
that the sea level fluctuated on  average 60 
to 70 m during the climatic cycles between 
2.8 and 2.3 Ma, which is quite similar to the 
40- to 60-m drops in sea level estimated for 
this period from ocean margin sequences on 
the coast of the Sea of Japan (39). Likewise, 
in the late Quaternary, the glacial-to-inter- 
glacial sea-level changes of 120 and 150 m 
for the transitions from stage 6 to 5 and 
from stage 2 to 1, respectively, show first- 
order correspondence to the sea-level esti- 
mates, based on coral reef studies (40). 

Interpretation of these data should be con- 
sidered with caution because, although its ef- 
fects appear to be minimal, dissolution may 
play a role in altering the Mg/Ca ratio of 
ostracode shells. The BWT estimates we de- 
rived appear to be reasonable; absolute values 
of BWT calculated are comparable to modem 
values for NADW at this site and for AABW 
from a similar depth in the South Atlantic 
(41). Between 2.8 and 2.3 Ma, the lowest 

calculated glacial BWT was around O°C, and Paiaeoecoi. 66, 231 (I 988). 

the mean glacial temperature was around 1 0 ~ .  14. T. Correge, Ocean Drill. Prog. Proc. Sci. Results 133, 
175 (1 993). 

Today, AABW is about l o  to 1°C colder than 15. R, Chester, Marine Geochemistry (Unwin Hyman, 
NADW at comparable depths in the southern London, 1990). 

ocean; thus, these temperature sug- 16. E. A. Burton and L. M. Walter, Geochim. Cosmo- 
chim. Acta 55, 777 (1991). 

gest that AABW began influencing the re- 17. K. E. Chave, J. Geol. 62, 266 (1954). 
gion at this time, and they support evidence 18. H. M. Cadot and R. L. Kaesler, Univ. Kansas Pale- 
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Designer Cytokines: Targeting Actions 
to Cells of Choice 

Aris N. Economides, Jeffrey V. Ravetch, 
George D. Yancopoulos,* Neil Stahl* 

Some growth factors are therapeutically useful partly because restricted expression of 
their receptors limits their action to particular cell types. However, no unique stimulatory 
factor is known for many clinically relevant cell types, such as CD34+ hematopoietic stem 
cells. Here, soluble oc receptor (Roc) components for interleukin-6 (IL-6) and ciliary neu- 
rotrophic factor (CNTF) were targeted in an active form to cells expressing surface markers 
such as CD34 or CD45, thereby rendering those cells responsive to IL-6 or CNTF. The 
targeting of Roc components may provide the means to create "designer" cytokines that 
activate a desired cell type expressing a specific cell surface marker. 

cytokines and growth factors regulate vital 
biological processes such as induction and 
regulation of immune responses, cellular pro- 
liferation, differentiation, and apoptosis and 
are of potential use in the treatment of hu- 
man diseases (1). Proteins such as erythro- 
poietin, granulocyte colony-stimulating fac- 
tor, and thrombopoietin are therapeutically 
promising at least in part because restricted 
expression of their receptors limits their sites 
of action. However, many other cytokines, 
such as leukemia inhibitory factor (LIF), 
have not proven to be useful therapeutically 
because of their pleiotropic effects resulting 
from the widespread expression of their re- 
ceptors (2, 3). LIF induces the differentia- 
tion of myeloid M1 cells, activates the pro- 
liferation of DA1.l myeloid cells, increases 
the number of megakaryocyte progenitors in 
vivo, inhibits differentiation of embryonic 
stem (ES) cells, activates the cholinergic 
switch of sympathetic neurons, and promotes 
bone remodeling. Although some of the ac- 
tions of LIF would be therapeutically desir- 
able, others are deleterious; mice injected 
with cells secreting large amounts of LIF die 
after 2 to 10 weeks (4). However, if the 
action of LIF could be restricted to new bone 
formation (4, 5 ) ,  inhibition of adipogenesis 
(6), or stimulation of CD34+ hematopoietic 
stem cells (7 ) ,  this more specific cytokine 
could have therapeutic value. 

CNTF, a member of the cytokine family 
that encompasses LIF, IL-6, oncostatin M, 
IL-11, and cardiotrophin-1 (8, 9), is in a 
sense a cell-specific counterpart to LIF. The 
action of CNTF is more restricted because 
unlike LIF, the receptor for which consists 
solely of the signal-transducing components 
LIFR and gp130 (10, 1 I ) ,  CNTF addition- 

ally requires a specificity-determining R a  
component termed CNTFRoc to which it 
must bind before interacting with gp130 
and LIFR (12, 13). Thus, although both 
CNTF and LIF induce heterodimerization 
of the signal transducers gp130 and LIFR 
and lead to identical downstream signal 
transduction events, the sites of CNTF ac- 
tion are restricted to cells that express 
CNTFRoc in addition to gp130 and LIFR 
(14). CNTFRa, which is anchored to the 
cell membrane by a glycosyl-phosphatidyl- 
inositol linkage, does not appear to partic- 
ipate directly in transducing the signal (1 5). 
Similar to CNTF, both IL-6 (1 6) and IL-11 
(17) require a specificity-determining R a  
component (IL-6Roc and IL-llRoc, respec- 
tively); the complex of Roc and cytokine 
initiates signal transduction by inducing 
gp130 to homodimerize (1 3, 18). Thus, in 
general terms, these three Roc components 
function as required specificity components 
for their cognate cytokines (Fig. 1A). 

We report here a way to exploit these Roc 
components to create new, specific cellular 
targets for CNTF or IL-6. We achieved this by 
targeting soluble Roc (sRoc) components to the 
surface of any cell expressing the common 
signal-transducing receptor components 
gp130 and LIFR. Ra targeting relies on a 
unique feature of the Roc components: Al- 
though the soluble extracellular domains of 
most receptors function as antagonists (19, 
20), soluble CNTFRoc (sCNTFR) and IL-6Ra 
(sIL-6R) function agonistically by binding 
their cognate cytokine and then interacting 
with their signal-transducing components on 
the cell surface (1 5,'21). Thus, LIF-responsive 
cells that express gp130 and LIFR, but not 
CNTFRa, become CNTF-responsive in the 
Dresence of sCNTFR. Similar to LIF, the com- 
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