
REFERENCES AND NOTES 

1. J. P. Allison and L. L. Lanier, Annu. Rev. Imm~inol. 
5, 503 (1987); A. Weiss and J. B. Imbcden, Adv. 
Imm~inol. 41, 1 (1987). 

2. L. E. Samelson and M. D. Patel, Cell 46, 1083 
(1986); J. B. Imbcden and J. D. Stobo, J .  Exp. 
Med. 161, 446 (1985). 

3. T. A. Springer, M. L. Dustin, T.  K. Kishimoto, S. 
D. Marlin, Annu. Rev. Immrrnol. 5, 223 (1987); D. 
R. Littman, ibid., p. 561. 

4. T. Hara et al., J .  Exp. Med. 161, 1513 (1985). 
5. C. B. Thompson et al., Proc. Natl. Acad. Sci. U.S .A .  
86, 1333 (1989). 

6. A. Weiss, B. Manger, J.  Imboden, J .  Imm~rnol. 137, 
819 (1986); C. H .  June, J. A. Ledbetter, M. M. 
Gillespie, T. Lindsten, C. B. Thompson, Mol. Cell. 
Biol. 7, 4472 (1987). 

7. T. Fujita etal., Cell 46, 401 (1986); U. Siebenlist et 
al., Mol. Cell. Biol. 6, 3042 (1986). 

8. D. B. Durand et al., Mol. Cell. Biol. 8, 1715 (1988). 
9. B. Hoyos, D. W. Ballard, E. Bohnlein, M. Siekevitz, 

W. C. Greene, Science 244,457 (1989); K. Muegge 
et al., ibid. 246, 249 (1989); G. R. Crabtree, ibid. 
243, 355 (1989). 

10. T. Lindsten, C. H .  June, J. A. Ledbetter, G. Stella, 
C. B. Thompson, ibid. 244, 339 (1989). 

11. D. B. Durand, M. R. Bush, J. G. Morgan, A. Weiss, 
G. R. Crabtree, J .  Exp. Med. 165, 395 (1987). 

12. J. D. Fraser and B. A. Irving, unpublished obsewa- - .  
tions. 

13. The y-fibrinogen-CAT construct that lacked the 
-326 to -51 IL-2 gene insert did not respond with 
inducible CAT activity to any of the stimuli tested. 
The basal activity of this consuuct transfected into 
Jurkat cells was approximately 0.2% conversion. 

14. E. SerAing et al., EMBO J .  8, 465 (1989). 
15, J .  D. Fraser, unpublished observations. 
16. M. Fried and D. M. Crothers, Nudeic Acids Res. 9, 

6505 (1981). 
17. The seauences of the olieonucleotides are as follows: 

NF-AT: ~'-GGAGGAA%~ACTGTXTCATACAGA- 
AGGCGT-3'(-285 to -254 of the L - 2  gene); AP-1, 
5'-GATCTAGTGATGAGTCAGCCGGATC-3'. 

18. S. Miyatake, T .  Otsuka, T.  Yokota, F. Lee, K. Arai, 
EMBO J .  4, 2561 (1985); E. Stanley, D. Metcalf, 
P. Sobieszczuk, N. M. Gough, A. R. Dunn, ibid., p. 
2569. 

19. H. D. Campell, S. Ymer, M. C. Fung, I .  G. Young, 
Errr. J .  Biochem. 150, 297 (1985); Y. C. Yang and 

S. C. Clark, Lymphokines 15, 375 (1987). 
20. S. Nagata et al., EMBO J .  5, 575 (1986); M. 

Tsuchiya, Y. Kaziro, S. Nagata, Elir. J .  Biochern. 
165, 7 (1987). 

21. P. W. Gray and D. W. Goeddel, Nature 298, 859 
(1982). Murine interferon-? is available through 
GenBank, accession no. M28381. 

22. S. N. Ho, H.  D. Hunt, R. M. Horton, J. K. Pullen, 
L. R. Pease, Gene 77, 51 (1989). 

23. D. L. Mueller, M. K. Jenkins, R. H.  Schwartz, 
Annu. Rev. Immunol. 7, 445 (1989). 

24. H. Quill and R. H. Schwartz, J .  Imm~rnol. 138, 
3704 (1987); M. K. Jenkins, D. M. Pardoll, J. 
Mizuguchi, T. M. Chused, R. H.  Schwartz, Proc. 
Natl. Acad. Sci. U . S . A .  84, 5409 (1987). 

25. J. R. de Wet, K. V. Wood, M. DeLuca, D. R. 
Helinsk., S. Subramani, Mol. Cell. Biol. 7, 725 
(1987). 

26. J. D. Dignam, R. M. Lebovia, R. G. Roeder, 
Nucleic Acids Res. 11, 1475 (1983). 

27. We thank R. Myers, K. Yamamoto, and C. Nelson 
for critically reading this manuscript. Supported in 
part by funding from NIH (GM39553 to A.W.). 

19 June 1990; accepted 30 October 1990 

Microwave Sounding Units 
In their research article "Precise monitor- 

ing of global temperature trends from satel- 
lites," R. W. Spencer and J. R. Christy assert 
(1) that satellite microwave sounding units 
(MSUs) exhibit superb stability and may be 
used to monitor global warming in a way 
that is not possible by other means. 

During the first 10 years of MSU mea- 
surements, global warming models predict- 
ed surface air temperature increases of ap- 
proximately 0.2 K (2). The average 
temperature of the troposphere was expect- 
ed to increase by about the same amount. 
The analysis by Spencer and Christy shows 
that globally averaged MSU brightness tem- 
peratures exhibit fluctuations of approxi- 
hatelv 0.4 K over months and years: 1f one 
equates brightness temperature with average 
tropospheric air temperature, as the authors 
do; it 'becomes diffiiult to discern such a 
small "signal" embedded in so much 
"noise." That is why the authors can state 
that "[tlhere is no obvious long-term trend 
. . ." in their data. Thev do not state that 
the expected global warming signal is not 
present in the MSU data, just that it cannot 
be detected. The main value of their anal- 
ysis is to point out ,that short-term fluctu- 
ations are so large that it may be difficult 
for any investigator to evaluate the magni- 
tude of long-term trends without more 
than one decade of data. 

The data in Spencer and Christy's figure 
5A (1) exhibits a slope of +0.06 K per 
decade (3) and a standard error of 0.07 K 
per decade (our estimate). [Spencer finds 

and Global Warming 
smaller slopes for an upgraded MSU data 
set (3)]. Because of the sinusoidal compo- 
nents apparent in the MSU time series, the 
slope uncertainty could actually be much 
greater than 0.07 K per decade. Statistical- 
ly speaking, the 10-year trend is almost as 
consistent with the "expected warming" 
hypothesis as it is with the "no warming" 
hypothesis. 

Five MSU instruments contributed to the 
data set used by Spencer and Christy. An- 
other recent publication by these authors (4) 
describes in detail how the respective data 
sets were combined. Instrument intercali- 
bration is a crucial issue for detecting trends, 
and it is important to know the sensitivity of 
trend solutions to alternative intercalibra- 
tion approaches. 

The reader who is looking for evidence of 
the expected 0.2 K global warming signal in 
the MSU data should be clearly informed 
that global warming models predict second- 
ary effects, in addition to tropospheric 
warming, that can influence long-term 
brightness temperature trends. These in- 
clude increasing water vapor, changing 
cloud cover and liquid content, and chang- 
ing soil moisture (which, in turn, changes 
land emissivity). Most of these small effects 
tend to decrease the magnitude of any in- 
crease in the brightness temperature of 
MSU channel 2 resulting from global warm- 
ing. Spencer and Christy's reference 8, stat- 
ing that "[olther, smaller signals are also 
present in the measurements. . . . and have 
been determined to be small for MSU 

channel 2 (O.Ol°C or less)." should have , . 
been expanded to reveal their modeling 
assumptions. Such information may be 
critical to estimates of second-order contri- 
butions (4). 

In response to the research article by 
Spencer and Christy, we have modified ex- 
isting computer programs for calculating 
microwave observables and have studied 
several potential second-order effects, two of 
which are not noted in Spencer and Christy's 
reference 8. Specifically, we have evaluated 
the impact of MSU channel 2 frequency 
drifts and the effect of stratospheric cooling 
which others have suggested will occur with 
tropospheric warming (5 ) .  All effects that 
we have evaluated are small (0.01 to 0.05 
K), but these and other potentially impor- 
tant effects merit further study. 

Our tentative conclusion is that remote 
sensing using satellite microwave radiome- 
ters can in fact provide a means for moni- 
toring troposphere-averaged air tempera- 
ture, but for this to be successful more than 
one decade of data will be needed to over- 
come the apparent inherent variability of 
global average air temperature. The provoc- 
ative data set reported by Spencer and 
Christy should be subjected to carehl and 
rigorous review before it is interpreted as 
evidence of the presence or absence of global 
warming. 
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Response: We agree with the major theme 
of the comment by Gary and Keihm that, 
because of the importance of monitoring 
global temperature by satellite microwave 
methods, all aspects of satellite data process- 
ing and interpretation should be critically 
evaluated. 

It is true that, in a statistical sense, the 
larger the year-to-year variability in globally 
averaged tropospheric temperatures, the 
more uncertain is any calculated trend over 
10 years. However. Garv and Keihm's state- 

, , 
meht that the slope uncertainty "could actu- 
ally be much greater" than the standard 
error they have calculated for our 10 years of 
data (0.07"C) seems to have no statistical 
basis. Even if we had observed a large 
upward trend during our 10-year period of 
analysis, the last 100 years of thermometer 
data suggest that a 10-year trend is probably 
not useful for predicting what might happen 
in the coming decades. 

Gary and Keihm also address the irnpor- 
tance of our satellite intercalibration proce- 
dure. As our original paper pointed out, 
overlaps between successive satellites result- 
ed in agreement of O.Ol°C per month for all 
five periods. Such agreement improves with 
the length of the overlap. On the basis of 
small levels of uncertainty of the intercali- 
brations, we estimate a cumulative uncer- 
tainty of 0.02"C for the 10-year period. The 
lack of any trend in the difference between 
anomalies from different MSUs is itself evi- 
dence against any significant drift in fre- . - 
quency of the instrument channels. As dis- 
cussed in our more recent paper (I) ,  weather 
balloon comparisons over 5 years have 
shown no change in the NOAA-6 MSU 
response to the statistical noise level of those 
comparisons (O.Ol°C). The differences in 
response of about 0.5"C between instru- 
ments is irrelevant to the studv. since we 

4 ,  

were concerned only with temperature 
anomalies about the mean for a given instru- 
ment. 

The small effect of the MSU weighting 
h c t i o n  being partly in the stratosphere 
(which is predicted to cool if the tropo- 
sphere warms) will need to be taken into 
account if future MSU channel 2 brightness 
temperature trends are to be accura~ely in- 
terpreted as thermometric temperature 

trends of the troposphere only. 
Gary and Keihm's final point regarding 

the small effects due to other geophysical 
signals (water vapor, cloudiness, and soil 
moisture variations) in the data has also been 
addressed in detail in our recent paper (1). 

ROY W. SPENCER 
Code ES43, Marshall Space Flight Center, 

Hunstville, A L  35812 

Lipid Flow in Locomoting 
J. Lee et al.  conclude (1) that the "retro- 

grade lipid flow (RLF) hypothesis is no 
longer tenable as a general model for cell 
locomotion." In their experiments, they 
marked a line in the plasma membrane lipids 
of a moving polymorphonuclear leukocyte 
(PMN) that is parallel to the advancing edge 
of the cell. They then observed how this line 
moved with respect to the advancing edge as 
the cell moved forward. The membrane flow 
hypothesis [reference ( 4 ,  itself a refinement 
of the lipid flow scheme (3)] predicts it 
would move backward. In 9 out of 16 cases 
this is what they actually found. However, is 
the observed rate of rearward movement 
that which is predicted by my hypothesis? 
They state that the membrane flow hypoth- 
esis demands a rearward line migration that 
moves two times as fast as the leading edge 
advances-all measured with respect to the 
substratum [note 21 in (I)] .  This is incor- 
rect. In a commentary (4) on an earlier paper 
from this group (5), I explained that the 
membrane flow hypothesis predicts that a 
particle on the dorsal surface of a cell (or in 
this case, a line drawn in the cell surface) will 
migrate rearward with respect to the leading 
edge. How fast it should do so depends on 
a variety of factors, including how fast the 
cell is potentially moving and where on the 
cell surface the particle is. I say "potentially 
moving," because the advancing edge, in the 
process of extending, may or may not actu- 
ally attach to the substratum. Whether it 
does or does not attach to the substratum 
makes no difference to the mechanism of the 
motor, but does affect the rate of locomo- 
tion. In other words, the cell may move 
forward if the front attaches, or "slippage" 
may occur if it does not. [An example of a 
cell in a purely slipping mode is one on the 
edge of a stationary colony of spread epithe- 
lial cells: the advancing edge can no longer 
advance and so slips, the slippage often 
being seen as ruffling of the advancing edge 
(6) . ]  A particle just behind the leading 
lamella would be expected to remain station- 
ary with respect to the substrate if no slip- 
page occurred, and to move backward with 
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Cells 
respect to the substrate if the cell were 
slipping. In assuming a rearward line migra- 
tion with respect to the substrate, Lee et al. 
assume their PMNs are slipping badly: given 
the rate at which they move on glass this 
seems improbable. 

Lee et al.  (1) draw the line in the cell's 
plasma membrane near the middle of the 
cell; the predicted rearward membrane flow 
there would be one-half that at the front (7) 
(assuming these cells are flat sheets, which 
surely they are not). Their marker line might 
therefore be expected to move rearward 
with respect to the leading edge at half the 
speed that the leading edge advances over 
the substrate. In their terminology, this 
would give an R factor of 0.5, not the 3 they 
state. The scatter observed in their data (in 
their figure 4) is such that one cannot dis- 
tinguish between an R of 0 or 0.5 

In figure 4 of the paper by Lee et al., it is 
stated that two cells (1  and 15) have R 
values of 0 and about -0.6. Following their 
method of calculation, I find these figures 
should be about -20 and -40; if these 
experimental measurements are actually cor- 
rect, they suggest that none of the models 
considered by Lee et al.  can be valid. 

In conclusion, the report by Lee et al. 
sheds little light on whether the membrane 
flow model (2) applies to PMNs or not. 
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