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R24C is selectively impaired in its interac­
tion with pl6 INK4a and pl5 I N K 4 b and suggest 
that Arg24 is directly involved in binding to 
P16 INK4a and P15 I N K 4 b . 

The cell cycle regulatory pathway that 
involves the retinoblastoma protein (Rb), 
cyclin Dl, pl6 I N K 4 a , and CDK4 has been 
implicated in tumorigenesis (21). In partic­
ular, pl6 I N K 4 a can inhibit cell proliferation 
and oncogenic transformation of cultured 
cells (22). Inactivation of the gene encod­
ing pl6 I N K 4 a is common in some tumor cell 
lines and primary tumors and is responsible 
for genetic predisposition to melanoma 
(23). Mutation of CDK4 at positions that 
disrupt its interaction with pl6 I N K 4 a may 
constitute a mechanism to subvert this reg­
ulatory pathway in tumor cells. It seems 
plausible that, aside from its antigenicity, 
the expression of CDK4-R24C contributed 
to malignant transformation in melanoma 
SK29(AV). Antigens derived from onco­
genic proteins are ideally suited as targets of 
tumor rejection responses because tumori­
genesis is likely to depend on the continued 
expression of the antigen. Indeed, CTLs 
against viral oncoproteins have been dem­
onstrated to elicit rejection response and 
protective immunity to virally induced mu­
rine tumors (24). It remains to be proven 
that human tumor-specific antigens like 
CDK4-R24C can constitute targets for re­
jection response in vivo. However, it should 
be noted that patient SK29(AV) has been 
free of detectable disease since 1978 (7). 
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Earth and the Earth-moon distance is 
384,000 km, the Earth moves in a circle 
with radius 4700 km around the barycenter, 
This induces a modulation in the Earth-sun 
distance equal to 9400 km. Consider a 
naive model in which the Earth absorbs all 
sunlight and re-radiates it as infrared black 
body radiation, with balance Jbetween in­
coming and outgoing radiation. The inten­
sity of sunlight received varies as the in­
verse Earth-sun distance squared, and the 
intensity of black body radiation varies as 
the temperature to the fourth power. Thus, 
for small variations 

dT/T = -dR/(2R) 

where T is the temperature and R is the 
Earth-sun distance. For R = 150,000,000 
km and a mean temperature of 269 K this 
leads to 0.008 K temperature modulation. 

Inspection of figure 1 of the report (1) 
shows that the data are noisy. There is some 
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uncertainry in the number 0.02 K itself; the 
line drawn on this figure indicates a tem- 
perature modulation of only 0.013 K. Al- 
though this is close to 0.008 K, the na'ive 
model has a temperature modulation that is 
too large because the assumption has been 
made that the temperature response is in- 
stantaneous. In a more realistic model, the 
temperature lags somewhat behind the ra- 
diation received because the atmosuhere 
has a finite specific heat and, more impor- 
tant, because the atmosphere is heated 
mainly from the Earth's surface by slow 
processes like thermals and latent heating 
in precipitation after evaporation. Also, any 
response of the oceans would take months. 

The phase lag means that the tempera- 
ture modulation that is due to the fact that 
the Earth is nearer to  the sun at  full moon 
than at new moon is less than 0.008 K. Still, 
it is possible that this effect, in conjunction 
with increased radiation received from the 
full moon, may explain the observed global 
temperature modulation. It may not be nec- 
essary to  invoke explanations like feedback 
responses of global temperature to poten- 
tially lunar-related variations in climatic 
parameters such as precipitation, cloudi- 
ness, and thunderstorm activity (1 ). 
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A b o u t  half of the 0.02 K signal noted by 
Balling and Cerveny can be attributed to 
the long-known McConnell effect, whereby 
Earth's motion about the center-of-mass of 
the Earth-moon system places it about 4700 
km closer to (or further from) the sun at the 
full (or new) moon than it is on average. 
Using only the inverse square law, the 
Stefan-Boltzmann law, and well-known 

properties of the Earth-moon system, the 
McConnell effect predicts 

where AT is the perturbation of the mean 
temperature T, AE is the perturbation radi- 
ant energy, and AR is the perturbation of 
the R = 149 G m  Earth-Sol distance (AR = 
24.7 Mm for motion about the barycenter). 
With tropospheric T = 269 K, the Mc- 
Connell effect predicts a full-minus-new 
moon global warming of 0.0085 K. 

The  effect clearly presumes a balance 
between incoming and outgoing radiant en- 
ergy at monthly periods; yet it precludes 
neither time lag, attenuation, nor spectral 
line-broadening corrections resulting from 
heat conduction into the land, thermo- 
compositional tropospheric mixing, or even 
a hydro-cryospheric response. 

The  time lag is the driving period mul- 
tiplied by a phase factor ( $ 1 2 ~ )  which, in 
some cases, need not vary much over a 
limited range of periods. Common experi- 
ence of a daily temperature maximum a 
couple of hours after local noon suggests 
this factor is about 0.1. This value predicts 
a lag in the response to annual forcing of 
about a month. which is not too far from 
common experience of a seasonal maximum 
temperature a month or two after summer 
solstice. It further predicts a time lag for the 
much smaller amplitude, intermediate peri- 
od McConnell effect that is no more than a 
few days. Isolation of the response to the 
modulation of insolation by motion about 
the barycenter, including an accurate deter- 
mination of the time lag, might help con- 
strain detailed models of the coupled terra- 
hydro-cryo-atmospheric system. 
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Response: In addition to the mechanisms 
presented in our report ( I ) ,  we agree that 

the barycenter movement effect discussed by 
Dvre and Voorhies should be considered in 
a i y  explanation of the impact of lunar phase 
on dailv global temueratures. However, our , - 
research on this problem still suggests, as we 
discussed in our initial paper, that the most 
probable explanation for the moon's influ- 
ence on global temperature involves multi- 
ple controls and feedback processes. Two 
calculations demonstrate this point. 

First. the satellite-based dailv data reveal 
that the mean global temperature is highest 
approximately 24 days after the full moon, 
or about 5 days before the full moon. This 
indicates the oresence of indirect feedback 
mechanisms existing bewteen insolation 
and tropospheric temperature. Second, us- 
ing a new latitudinal daily tropospheric 
temperature dataset, we have identified 
strong geographic variations in the timing 
of temperature maxima in relation to lunar 
vhase. In the mid-latitudes of both hemi- 
spheres, the peak lower tropospheric tem- 
verature occurs near the time of the new 
moon, while the equatorial and polar re- 
gions have highest temperatures near the 
time of the full moon. These spatial differ- 
ences are difficult to explain in the absence 
of feedback mechanisms. 

While the barycenter effect must be 
considered, we believe, as we stated in our 
report, that a more complex explanation is 
necessary to account for the relationship 
between lunar phase and tropospheric tem- 
veratures. Continued research will un- 
doubtedly add to our understanding of lu- 
nar-climate interactions. 

Robert C. Balling Jr. 
Randall S. Cereveny 

Office of Climatoloa and 
Department of Geography, 
Arizona State University, 
Tempe, AZ 85287, LISA 

REFERENCES 

1 .  R. C. Ball~ng Jr. and R. S. Cerveny, Science 267, 
1481 (1 9951. 

20 Apr~l 1995; accepted 17 July 1995 

SCIENCE VOL. 269 1 SEPTEMBER 1995 


