
tive organs supports the concept that virus 
titers are enhanced only in organs that al- 
ready contain some free virus. Further 
studies are needed to determine whether 
any latently infected cells were converted 
to producer cells. The possibility that skin 
allograft placement somehow permitted 
increased seeding of MCMV from other 
sites such as the salivary glands, where the 
virus is present in high titer, is considered 
unlikely. Viremia was rare at this stage of 
infection and virus titers in other organs, 
such as the liver and the lung, were not en- 
hanced. 

Recently, Olding and his co-workers 
(13) activated and recovered MCMV from 
the spleen cells of 2- and 5-month-old mice 
infected in utero or at birth by cocultiva- 
tion with allogeneic fibroblasts. No virus 
was detected when disrupted spleen cells 
were cultured. The latently infected cells 
were apparently B lymphocytes. These ex- 
periments showing activation of MCMV 
by allogeneic reaction in vitro may repre- 
sent the counterpart of our findings in the 
animal. 

Mouse leukemia virus has been acti- 
vated in inapparently infected mice by the 
transfer of parental spleen cells to an F1 
recipient, producing a graft-versus-host re- 
action (14). Later, Hirsch and his asso- 
ciates (15) found that latent leukemia virus 
was activated by a combination of skin al- 
lograft and administration of antilympho- 
cyte serum. The mechanism by which 
mouse leukemia virus is activated is not 
known, but there is evidence that activa- 
tion is not solely a function of lymphocyte 
blast transformation (16). 

Lopez and co-workers (4) found that 
CMV infections in renal transplant 
recipients are temporally associated with 
graft rejection episodes. They proposed 
that either the renal allograft activates a 
latent CMV infection or that the viral in- 
fection in some way promotes graft rejec- 
tion. Evidence indicating that CMV en- 
hances cell-mediated immune responses 
would support the latter hypothesis. Ac- 
tually, the opposite appears to be the case 
in mice. Howard and associates (17) found 
that skin grafts made across strong (H-2) 
and weak (H-Y) histoincompatibility bar- 
riers had prolonged survival times when 
the recipient mice were acutely infected 
with MCMV. Graft survival time was sig- 
nificantly increased in mice infected up to 7 
days before grafting. In addition, spleen 
cells harvested from mice infected with 
MCMV showed decreased uptake of tri- 
tiated thymidine in response to phytohe- 
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two observations taken together support 
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the concept that host response to the allo- 
graft activates CMV infection in renal 
transplant recipients, rather than the re- 
verse. 
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Cyclic adenosine monophosphate excretion 
or excision of tumor. 

The urinary excretion of cyclic guano- 
sine monophosphate (GMP) increased sig- 
nificantly in rats bearing explants of Mor- 
ris hepatoma 3924A. The increased excre- 
tion of cyclic GMP was diminished with 
local irradiation of tumor, 5-fluorouracil 
administration, or after tumor excision; 
however, the excretion of cyclic adenosine 
monophosphate (AMP) was not altered. 
These studies are of interest in view of a 
previous report describing increased levels 
of cyclic GMP in hepatomas in vivo (1). 
Rapidly growing hepatomas (3924A and 
7288 ctc) contain very high concentrations 
of cyclic GMP (20- to 200-fold greater 
than normal liver or slower growing hepa- 
tomas). In other studies, the addition of ex- 
ogenous cyclic GMP or its analogs to cell 
cultures increased DNA, RNA, and pro- 
tein synthesis and cell proliferation (2). 
Rudland et al. (3) also described an activa- 
tion of particulate guanylate cyclase from 
cell cultures of mouse fibroblasts with a fi- 
broblast growth factor. In addition, 
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was not altered by implantation, irradiation, 

Voorhees et al. (4) reported increases in cy- 
clic GMP in rapidly growing epidermis 
from psoriatic lesions. In contrast, in- 
creased cyclic AMP in cell cultures has 
been associated with decreased prolifera- 
tion and morphological changes resem- 
bling differentiated functions (5). However, 
studies with hepatomas in vivo have dem- 
onstrated increased cyclic AMP compared 
to liver (1, 6). Thus, the in vivo studies with 
cyclic GMP are consistent with cell culture 
studies and suggest that increased cyclic 
GMP is associated with proliferation. 
There have been no reports describing al- 
tered urinary excretion of cyclic nucle- 
otides with tumors other than several hor- 
mone secreting tumors (7). Some of the 
observations reported here have been 
presented in abstract form (8). 

Suspensions of Morris hepatoma 3924A 
were injected subcutaneously into the 
backs of female ACI rats weighing 150 to 
180 g (9). Throughout the study rats were 
provided free access to laboratory chow 
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Increased Urinary Excretion of Cyclic Guanosine Monophosphate 
in Rats Bearing Morris Hepatorna 3924A 

Abstract. Urinary excretion of cyclic guanosine monophosphate (GMP) increased in 
rats bearing Morris hepatoma 3924A, and a correlation coefficient of .842 was observed 
comparing nucleotide excretion and tumor size. Irradiation of tumor or 5-fluorouracil 
administration delayed the increases in urinary cyclic GMP and tumor size. Surgical re- 
moval of tumors resulted in a rapid decline in cyclic GMP excretion to baseline levels. 
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and water. From 2 to 5 weeks after implan- 
tation of tumor, rats were placed in meta- 
bolic cages for daily urine collections. 
Urine was also collected from control ani- 
mals without implanted tumors. Urines 
were collected at room temperature, and in 
most experiments collecting containers 
had 10 ml of 0.lN HC1. Urinary cyclic nu- 
cleotide levels were similar whether HCI 
was used as a preservative or not. At the 
end of each daily collection period portions 
of urine were stored at -20?C until they 
were assayed. With some animals, 14 days 
after tumor implantation the tumors were 
x-irradiated locally with 250 kv-peak at 
the rate of 800 roentgens per minute with a 
0.5-mm copper and 1.0-mm aluminum fil- 
ter by -a 2-cm cone, for a total dose of 3750 

roentgens. The rest of the body was 
shielded and received about 0.5 percent of 
the dose delivered to the irradiated tumor 
(10). Some animals were given 5-fluo- 
rouracil (150 mg/kg) intraperitoneally 21 
days after tumor implantation (9). In other 
experiments, 38 days after tumor implan- 
tation rats were anesthetized with ether; 
one group of animals had a sham incision, 
and in a second group of animals the tu- 
mor was excised. 

All animals were weighed daily, and tu- 
mor volume was estimated three times 
weekly with calipers (9, 11). Tumor vol- 
ume was calculated on the assumption that 
tumors were hemiellipsoids where volume 
is one-half the product of length times 
width times height (11). Appropriately di- 
luted urines were assayed for cyclic GMP 
with a modification (12) of the radio- 
immunoassay method of Steiner (13); cy- 
clic AMP was assayed with a protein bind- 
ing method (14). Urines were also assayed 
for creatinine content with an automated 
picric acid method. Values for urinary cy- 
clic nucleotides are mean values ? the 
standard error of three to six rats in each 
group and are expressed as micromoles ex- 
creted per day per gram of urinary creati- 
nine. 

Daily urinary excretion of cyclic GMP 
and cyclic AMP in normal ACI rats was 
3.20 - 0.11 and 10.77 + 0.85 pmole per 
gram of urinary creatinine, respectively. 
Within several weeks after tumor in- 
oculation, cyclic GMP excretion increased 
significantly, while excretion of cyclic 
AMP was unaltered. With progressive tu- 
mor growth (Table 1), excretion of cyclic 
GMP continued to increase. After 46 
days of tumor implantation, the longest 
time examined, urinary cyclic GMP was 
68.5 4- 15.5 ,mole/g and was, thus, in- 
creased 21-fold over normal values. Irra- 
diation with 3750 roentgens locally to tu- 
mors 14 days after implantation delayed 
both tumor growth and the increase in cy- 
clic GMP excretion (Table 1). Excretion of 
3 OCTOBER 1975 

50- 

40- 

I .30/ 

w o 20 - r 0.842 
z E . p( ., P < O.OOi 

10 *. *'" 

10 20 30 40 50 
TUMOR SIZE (cm3) 

Fig. 1. Relation of urinary cyclic GMP to hepa- 
toma 3924A size. The correlation coefficient (r) 
for cyclic GMP excretion and hepatoma 3924A 
implant size is .842 (P < .001; 186 determina- 
tions were made in 33 animals). 

cyclic AMP was unaltered in non- 
irradiated or irradiated animals. In other 
experiments (not shown) the administra- 
tion of 5-fluorouracil (150 mg/kg, intra- 
peritoneally) also resulted in (i) delayed tu- 
mor growth (9) and (ii) decreased cyclic 

GMP excretion without alteration of cyclic 
AMP excretion. Urinary cyclic nucleotides 
were also examined after excision of tu- 
mors from animals. Within 1 day after tu- 
mor excision cyclic GMP excretion de- 
creased to the normal range, while cyclic 
AMP excretion was unaltered (Table 2). 
Cyclic GMP excretion continued to in- 
crease in sham-operated animals. Cyclic 
AMP excretion was unaltered with a sham 
operation or tumor removal. 

Studies from several laboratories have 
demonstrated that increased cyclic GMP 
or its exogenous administration correlates 
with increased cell culture proliferation (2, 
3) and rates of tumor growth in vivo (1). It 
has also been postulated that the effect of a 
fibroblast growth factor on 3T3 cell culture 
proliferation is due to increased cyclic 
GMP synthesis and accumulation (3). The 
very high levels of cyclic GMP in Morris 
hepatoma 3924A, about 200-fold greater 
than in normal liver, led us to consider that 
cyclic GMP may be increased in the urines 
of rats bearing these tumors. The increased 
urinary excretion of cyclic GMP in ACI 
rats bearing this hepatoma implant (Fig. 1) 

Table 1. Effect of local irradiation on urinary cyclic nucleotides in rats with hepatoma 3924A. Four- 
teen days after ACI rats were inoculated with suspensions of Morris hepatoma 3924A, 3750 R was 
administered locally to some tumor implants as indicated. Urinary cyclic nucleotides and tumor vol- 
ume were determined as described. Values presented are means ? the standard error. There were six 
animals in each group. 

Time Cyclic GMP Cyclic AMP Tumor volume 
(days) after: (M mole/g creatinine) ( mole/g creatinine) (cm3) 

Implan- X- 
tation ray No x-ray X-ray No x-ray X-ray No x-ray X-ray 

15 1 4.24+0.90 4.56 ?1.09 13.09+3.84 13.30?2.38 1.19? 0.23 1.32 ?0.24 
16 2 6.15+0.64 3.67*+0.49 14.39+1.37 14.11 +3.94 
19 5 7.57 1.54 2.82*+0.45 17.56+5.08 12.67+2.33 
21 7 9.40+1.87 2.98*?0.49 17.89?4.43 15.06:2.75 4.58? 0.78 0.89*+0.23 
23 9 10.31?2.64 2.74* 0.26 12.41+1.26 10.28+1.06 7.32+ 1.05 1.00*?0.22 
29 15 17.17?1.03 4.13*+1.12 12.13?0.44 12.45?1.32 13.89? 2.01 1.37*?0.46 
34 20 25.01+4.40 4.56*?1.05 13.69+0.47 12.89?1.24 27.39? 3.46 3.12*?1.42 
41 27 31.79 5.80 8.63* 3.17 11.43 1.71 11.83 1.33 56.27 10.29 7.45* 3.33 
46 32 68.55+15.5 13.89*?5.40 14.74+2.36 13.85+0.92 108.17?20.88 11.09*+7.27 

*P < .02. 

Table 2. Urinary cyclic nucleotides before and after surgical removal of hepatoma. Morris hepa- 
toma 3924A was implanted in ACI rats. Thirty-eight days after tumor implantation either a sham 
incision or excision of tumor was performed as indicated. Values presented are means ? S.E. (three 
sham or six tumor-excised animals). The values for cyclic GMP excretion in this experiment are less 
than those in the experiment of Table 1. This is due to smaller inoculations of tumor; animals with 
tumor implants of similar sizes in both experiments had comparable excretions of cyclic GMP. Ab- 
breviations: SO, sham operated; TE, tumor excised. 

Time days after: Cyclic GMP ( umole/g creatinine) Cyclic AMP ( Amole/g creatinine) 

Implan- Sur- 
tation gery SO TE SO TE 

35 -3 5.08 ? 0.34 6.04 ?0.50 12.29 ? 1.50 10.40 ? 0.78 
36 -2 5.62 + 0.57 6.59 + 0.34 11.16 + 2.16 10.25 ? 0.97 
37 -1 6.13 +0.78 7.04 ?0.62 11.31 + 2.72 10.09 +? 0.83 
39 1 6.59 +0.58 1.87*t + 0.15 11.50+ 1.98 11.26 + 1.07 
40 2 8.57 ? 1.15 1.91*t +0.22 11.03 ?1.70 11.14+ 1.28 
42 4 10.80t+ 1.63 2.21*t + 0.19 13.46 ? 1.70 11.96 1.11 
43 5 12.21t ?1.32 2.15*t + 0.21 14.43 +? 3.27 13.09 ?2.14 

*P < .02 compared to SO. t P < .03 compared to nonoperated. 
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correlated with tumor size (r = .842). 
When tumor growth was inhibited with ei- 
ther local irradiation or administration of 
5-fluorouracil, the increase in cyclic GMP 
excretion was also delayed. Furthermore, 
within 1 day of tumor excision cyclic GMP 
excretion returned to control values. No 
alterations in cyclic AMP excretion were 
observed under any of the conditions ex- 
amined. 

The increased excretion of cyclic GMP 
may result directly from the release or se- 
cretion of cyclic GMP by the tumor or an 
effect of the tumor on other tissue or tis- 
sues. Thus, the tissue source for the in- 
creased urinary cyclic GMP has not been 
established, and additional studies are 
needed. Nevertheless, the correlation of cy- 
clic GMP excretion and tumor size in our 
study has important implications for basic 
research and diagnostic and therapeutic 
studies. If increased cyclic GMP excretion 
is observed with any types of tumors in 
patients, it could be useful for tumor diag- 
nosis. The correlation of cyclic GMP ex- 
cretion and tumor size and its alteration 
with irradiation, chemotherapy, or tumor 
removal also suggest that cyclic GMP ex- 
cretion may be useful clinically in the as- 
sessment of therapeutic response and tu- 
mor recurrence in some patients. In any 
event, cyclic GMP excretion in rats bear- 
ing hepatomas can be used as an index of 
tumor growth and regression and should 
prove useful in examining this model sys- 
tem. Cyclic nucleotide excretion in animals 
and patients with other tumors and the 
source of the cyclic GMP in urine remain 
to be determined. 
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The importance of vitamin A (retinol) 
for normal cellular differentiation of epi- 
thelial cells is firmly established (1). Vita- 
min A acid (retinoic acid) is produced in 
small quantities in vivo from retinol (2) 
and, if administered in the absence of reti- 
nol, can support growth and development 
of the rat but will not maintain vision (3) or 
reproductive function (4). The molecular 
mechanism of action of these compounds 
is obscure. Recently we have described the 
presence of two cellular binding proteins in 
rat tissue, one specific for retinol (5) and 
the other specific for retinoic acid (6). They 
are present in organs in very small quan- 
tities (0.3 to 1.5 jig per gram, wet weight) 
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Fig. 1. Presence of the cellular retinoic acid 
binding protein in human lung and breast tu- 
mors and rat fetal lung. Portions of the tissue 
extracts were incubated with 40 nmole of [3H]- 
retinoic acid (0) and with an additional 8 
imrnole of unlabeled retinoic acid (0). Portions 

(0.2 ml) of the incubation mixtures were sub- 
jected to sucrose gradient centrifugation for 20 
hours at 148,000g. 
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and possess high specificity for their re- 
spective ligands. We have found that the 
ability of cis-isomers of retinol to bind to 
the cellular retinol binding protein paral- 
lels their potency in promoting growth in 
the retinol-deficient rat (7), suggesting the 
involvement of the binding proteins in the 
mechanism of vitamin A action. Here we 
report the occurrence of the specific bind- 
ing protein for retinoic acid in extracts 
from a limited number of human carci- 
nomas. We could not detect the binding 
protein in extracts of nonmalignant tissue 
of the same organ from the same patients. 

Malignant and normal tissue were ob- 
tained from specimens removed surgically 
at Vanderbilt University Hospital. Rou- 
tine diagnostic techniques of the surgical 
pathology laboratory were used to assign 
the designation malignant or normal to the 
tissue specimens (8). Fresh samples were 
stored at -20?C until assay. Extracts were 
prepared by homogenization of the tissue 
in two volumes of 0.05M tris(hydroxy- 
methyl)aminomethane hydrochloride, pH 
7.5, using a Polytron PT 10 homogenizer, 
followed by centrifugation at 31,000g for 
10 minutes. The supernatant liquid was 
collected and titrated to pH 5 at 4?C with 
IM acetic acid. The precipitated protein 
was removed by centrifugation at 31,000g 
for 10 minutes and the supernatant liquid 
(extract) retitrated to pH 7.5 with IM 
NaOH. 

The extracts were tested for the presence 
of a binding protein for retinoic acid by 
incubating portions with 40 nmole of 
all-trans-[ l,12-3H]retinoic acid (1.45 c/ 
mmole) in the dark at 4?C for 4 to 5 hours. 
In order to determine the specific binding, 
duplicate portions containing 8 Amole of 
unlabeled retinoic acid were used. The lig- 
ands were added in 5 ul of ethanol contain- 
ing 1 mg of a-tocopherol per milliliter. Im- 
mediately before sucrose gradient centrifu- 
gation, incubation mixtures were treated 
by adding 0.2 ml of a charcoal dextran so- 
lution (9) to absorb free retinoic acid. The 
charcoal-coated dextran was removed af- 
ter a 5-minute incubation by centrifugation 
at 1000g for 5 minutes. A portion (0.2 ml) 
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Retinoic Acid Binding Protein: Occurrence in Human Tumors 

Abstract. Extracts of human carcinomas from lung and breast contain a protein which 
binds retinoic acid (vitamin A acid) with high specificity. The binding protein was not de- 
tected in normal lung or breast tissue from the same patients. 
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