a mnemonic labeling scheme that relates
topologically equivalent portions of differ-
ent membranes and that can be easily ap-
plied in a uniform manner to all freeze-
etch images. We urge it be adopted by all
who publish freeze-etch results.
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Enhancement of Mouse Cytomegalovirus Infection During

Host-Versus-Graft Reaction

Abstract. C;H/He mice chronically infected with murine cytomegalovirus were given
skin allografts from histoincompatible BALB/c donors. A significant increase in cy-
tomegalovirus titers occurred within 3 days after placement of the graft in the spleens and
kidneys of the allograft recipients as compared with control animals. No significant
changes in virus titers were detected in the salivary gland, lung, liver, or blood of allograft
recipients. These results indicate that the host-versus-graft reaction alone can enhance
murine cytomegalovirus in a chronically infected host and may help explain the high in-
cidence of cytomegalovirus infection seen after renal and other allograft transplantation

in man.

Since the description of cytomegalovirus
(CMYV) inclusions in the organs of renal
transplant recipients at autopsy, numerous
studies have documented the occurrence of
CMV infections in these patients (/-4). Be-
tween 73 and 91 percent of renal allograft
recipients develop CMV infection after
transplantation, as judged by virologic,
serologic, and histologic evidence. CMV
infections are common in liver allograft
recipients (5) and in patients given trans-
plants of allogeneic bone marrow (6).
CMYV infection after blood transfusion has
been reported frequently, both in patients
undergoing extracorporeal circulation and
in other transfusion recipients (7). While
multiple putative risk factors for CMV in-
fection may be operative in these various
groups, the feature common to all, the in-
teraction between a host and an allogeneic
graft, has been postulated to be the inciting
determinant (8).

Most CMV infections in transplant
recipients appear to be of little con-
sequence (2, 3). However, various clinical
manifestations including fever, pneumo-
nitis, leukopenia, mononucleosis, and
hepatitis have been associated with CMV
infection in renal transplant recipients (3,
9). Rifkind and his associates (10) first de-
scribed the coincidence of allograft rejec-
tion with serologic evidence of CMV infec-
tion in two renal transplant patients. Other
investigators noted that acute rejection
episodes after renal transplantation ap-
peared to follow infections caused by vari-
ous viruses (/7). In an extensive study of 61
renal transplant recipients, Lopez and his
colleagues (4) found that the clinical triad
of fever, leukopenia, and allograft rejec-
tion was associated with herpesvirus infec-
tions, particularly CMV. They concluded
that either the virus infection triggered al-
lograft rejection or that the rejection pro-
cess activated a latent CMV infection.
Since it is difficult to differentiate between
these two possibilities by epidemiologic
studies in man, the effect of a skin allograft
on chronic CMV infection in the mouse
was investigated.

To establish the course of murine cy-

tomegalovirus (MCMYV) infections, groups
of mice were examined over a period of
from 1 to 23 weeks after receiving virus.
Five-week-old C;H/He mice were in-
oculated intraperitoneally with 2 x 10°
plaque-forming units (PFU) of Smith
strain MCMV. At each sampling period,
mice were killed by intracardiac ex-
sanguination. The liver, spleen, kidneys,
and salivary glands were dissected in toto,
and 10 percent individual organ homoge-
nates were made for virus titration. The ti-
ters of 10 percent whole, heparinized blood
were also determined. Virus titration was
performed by the plaquing method with
tragacanth overlay (/2). The virus titers
were highest in the salivary gland, followed
by that of the spleen and kidneys (Table ).
The salivary glands of all mice contained
virus 1 week after infection. Virus titer
peaked at 4 weeks and declined thereafter.
All spleens were infected 1 week after in-
fection; many were negative at 2 weeks,
and no spleens containing virus were de-
tected after 9 weeks. The proportion of
positive kidneys was similar. MCMYV was
found in low titer (log PFU per 100 mg of
tissue homogenate was 1.97 + 0.40, S.E.)
in the livers of about one-third of the mice
from 1 to 6 weeks after infection. No virus
was detectable in the liver from 9 weeks
through 23 weeks after infection. Viremia
was detected in low titer (< 10 PFU/0.1
ml) in two of six mice infected 1 week pre-
viously, but MCMYV was not found in the
blood thereafter.

The proportion of infected organs de-
creased at varying rates after the first
weeks of infection (also see below). But ti-
ters of infected spleens and kidneys varied
relatively little during the period from 2 to
6 weeks after infection. This characteristic
permitted the use of these organ titers for
detection of viral enhancement.

The effect of a skin allograft on chronic
infection was first studied in C,H/He mice
inoculated 5 weeks previously with 2 x 10°
PFU of MCMYV. Normal 10-week-old
BALB/c mice served as donors. Full-
thickness donor skin grafts of approxi-
mately 15 mm in diameter were cut with a
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cork borer and sutured into surgically pre-
pared sites of recipients under sodium pen-
tobarbital anesthesia. At intervals, we
killed paired experimental and control
mice and determined the MCMYV titer of
individual organ suspensions of each
mouse. Control animals received no treat-
ment, sodium pentobarbital anesthesia
only, or an autograft in which the skin was
merely sutured back onto the same bed
from which it was removed. As there was
no discernible difference in the organ titers
of these three groups, the results of control
animals have been combined.

Allografts showed visible signs of rejec-
tion after about 7 days and were sloughed
completely in about 10 days. Organ titers
found in two separate experiments were
similar and are presented together in Fig.
1. The proportion of infected spleens of al-
lograft animals (Fig. 1A) was not signifi-
cantly different from what would be ex-
pected from the data on the course of the
chronic infection (Table 1), or from the
control group. However, the geometric
mean virus titers of positive spleens in ani-
mals given allografts are consistently high-
er than the controls from day 1 through
day 10 after grafting. The differences in ti-
ters are significant by the Wilcoxon rank
sum test (P < .01).

Similar data on the MCMV titers of the
kidneys from the same animals are shown
in Fig. 1B. Again the proportion of infect-
ed kidneys was not significantly affected by
placement of an allograft. But the titers of
positive kidneys from allograft animals are
increased from day 1 through day 10 after
grafting. Comparison of allograft with
control mice by the rank sum test is also
significant with P < .0l.

All salivary glands contained MCMYV in
high titer throughout the course of the ex-
periments. There was no difference in sali-
vary gland titer between allograft and con-
trol mice. Virus in low titer was found in-
frequently in liver and rarely in lung; there
were no differences between allograft and
control animals with regard to the virus ti-
ter in these two organs. Virus was detected
in the blood of two animals 3 and 4 days
after allograft. No control animals demon-
strated viremia.

In addition to mice infected for 5 weeks,
separate experiments were done with mice
infected for 2 weeks and 13 weeks. Con-
trols in these experiments were mice given
an autograft. The virus titers after grafting
in the individual spleens of 2-week infected
mice are shown in Fig. 1C. The proportion
of virus-negative spleens was somewhat
higher than expected, so that few positive
organs remain for comparison. However,
the individual titers of virus-containing
spleens from mice receiving allografts are
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Table 1. Organ distribution of MCMYV after infection in C;H/He mice. The fraction (P/T) of
organs positive for virus is the ratio of the number of organs containing detectable virus to the total
number of animals in each group. The titers are the geometric mean titers of virus-positive organs

inlog PFU of MCMYV per 100 mg of tissue homogenate + S.E.

After

. Salivary gland Spleen Kidney
infection
(weeks) P/T Titer P/T Titer P/T Titer
1 6/6 37 +£04 6/6 24 +0.5 4/6 1.2 04
2 11/11 6.2 +0.3 5/11 34 £ 0.6 5/11 1.9 + 0.7
4 6/6 7.0 +£04 3/6 2.8 +£0.7 2/6 25402
6 6/6 62 +04 1/6 3.0 2/6 24 £0.5
9 5/6 5.1 +£0.7 1/6 2.7 0/6
12 4/6 34405 0/6 0/6
16 3/6 29 +0.7 0/6 0/6
23 3/7 35405 0/7 1/7 1.9

consistently higher than those of autograft
animals from day 3 through the remainder
of the experiment. The MCMYV titers of
the individual kidneys from these same
mice is shown in Fig. 1D. The higher titers
of virus-positive kidneys from allograft an-
imals is again apparent.

Limited data were obtained concerning
the effect of skin allograft on infection of
13 weeks’ duration because of the paucity
of organs that contained virus. None of the
spleens from allograft or control animals
contained detectable MCMYV. The kidney

virus titers were again higher 5 and 7 days
after allograft placement, as compared to
similar titers in c¢ontrol mice. There was
also a suggestion, not yet statistically
proved, that the proportion of infected kid-
neys was higher in the animals receiving al-
lografts.

The source and mechanism of enhance-
ment of virus titers in spleens and kidneys
of chronically infected mice given an allo-
graft from a histoincompatible donor re-
mains to be explained. The lack of any sig-
nificant change in the proportion of posi-
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Fig. 1. Effect of an allograft on the MCMYV titers in the spleens and kidneys of chronically infected
C;H/He mice. Mice inoculated with 2 x 10° PFU of MCMYV either 5 weeks (A, B) or 2 weeks (C,
D) previously were given an allograft (@) or control treatment (M). The fraction (P/T) of organs
positive for virus is the ratio of the number of organs containing detectable virus to the total num-
ber of mice in each group. Each point in (A) and (B) represents the geometric mean titer (+ S.E.)
of virus-positive organs from allograft and control mice. Each point in (C) and (D) is the organ
titer of each individual allograft (@) or control (M) mouse. Titers are expressed as log PFU of
MCMYV per 100 mg of organ homogenate.
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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 MCMYV 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 MCMYV 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 F,
recipient, producing a graft-versus-host re-
action (I4). 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 (/6).

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 CMYV infection or that the viral in-
fection in some way promotes graft rejec-
tion. Evidence indicating that CMYV 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 (/7) 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 MCMYV. 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
MCMYV showed decreased uptake of tri-
tiated thymidine in response to phytohe-
magglutinin and in mixed lymphocyte cul-
ture. Our studies show that a skin allograft
from a histoincompatible donor enhances
MCMYV infection in recipient mice. These
two observations taken together support
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the concept that host response to the allo-
graft activates CMYV infection in renal
transplant recipients, rather than the re-
verse.
BriaN C. Wu, JouN N. DOWLING
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Increased Urinary Excretion of Cyclic Guanosine Monophosphate

in Rats Bearing Morris Hepatoma 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.
Cyclic adenosine monophosphate excretion was not altered by implantation, irradiation,

orexcision 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, S-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 (/).
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 ez 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,

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 (I, 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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