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Deformed Whiskers in Mice Infected with 
Certain Exogenous Murine Leukemia Viruses 

Abstract. Mice infected at birth with replication competent Friend, Moloney, Cas- 
Br-M, C2S-M, and 1504-A murine leukemia viruses developed abnormalities of the 
vibrissae consisting of erratic curvature, shortening, and loss. A number of  other 
virus strains, a5 well as endogenous AKR-type ecotropic virus and AKR-type, mink 
cell focus-inducing (MCF)  viruses, did not produce t h e ~ e  abnormalities. In  mice with 
erythroid and myeloid leukemia, the perivibrissal sinus is the site of extramedullary 
hematopoiesis, but this did not appear to  be the basis of the deformities. Genetic 
evidence indicated that newly arisen MCF-type recombinant viruses are involved in 
the pathogenesis of  the abnormalities, at least with some of  the virus systems 
studied. 

Although interest in mouse retrovirus tations of infection with nondefective, 
infections has naturally focused on cells replication competent murine retrovirus- 
of the hematopoietic system, various re- es have not been observed. 
troviruses can infect a wide variety of In the course of examining mice that 
cell types in vivo. Other than hematolog- had been infected at birth with a replica- 
ic malignancies and a form of demyeli- tion competent Friend helper virus, free 
nating brain disease (I), disease manifes- of the spleen focus-forming component, 

tropic Friend murine leukemia virus 
(MuLV), F-S, also induces the whisker 
abnormalities, but with a longer latent 
period and less marked effects. 

We have examined mice infected with 
a number of exogenous and endogenous 
murine retroviruses for the whisker anom- 
alies (Table 1). Four viruses consist- 
ently induced the changes: Friend and 
Moloney viruses, which are laboratory- 
passaged, highly pathogenic variants, 
and two horizontally transmitted viruses 
recovered from wild mice, Cas-Br-M and 
1504-A. Another isolate from wild mice, 
C2S-M, also induced the changes in a 
small proportion of mice; this low re- 
sponse rate was probably due to the 
effect of a gene segregating in the study 
mice, as described below, rather than to 
inefficiency of the virus. In contrast, 
other highly pathogenic viruses, such as 
Gross Passage A, SL3, and a variety of 
thymomagenic recombinant MuLV's of 
the mink cell focus-forming (MCF) type 

Table 1. Frequency of abnormal vibrissae in mice inoculated as newborns with various helper-independent MuLV's and in mice carrying life-long 
high titers of endogenous AKR-type MuLV. The inoculated mice were of genotypes that are permissive for replication of the inoculated virus; 
most of the animals were NFSJN or AKR, or hybrids derived from them. All viruses were grown in tissue culture and had been biologically 
cloned by two cycles of limiting dilution purification. Mice from cages in which there was any suspicion of barbering were excluded. 

Virus 

Number of mice with abnormal vibrissaelnumber examined (%) 
Major --- 

type of All mice by age 
disease Leukemic 
induced 3 to 6 mice only 

< 2 months 2 months months > 6 months 

lnoculated mice 
Friend MuLV-NFS Erythroleukemia 28133 (85) 16117 (94) 33134 (97) 
Friend MuLV-C57BL-derived strains T lymphoma 415 22122 (100) 111 

with resistance to erythroleukemia 
Moloney MuLV 
FM-12* 
Gross MuLV 
SL3 (3) 
Class I MCF viruses 
Cas-Br-M (4) 
C2S-M (5) 
1504-A (4) 

T lymphoma 
T lymphoma 
T lymphoma 
T lymphoma 
T lymphoma 
Neurologic 
Myeloid leukemia 
Lymphoma 

Uninoculated high-ecotropic carriers 
AKR and AKR Fl ' s  T lymphoma 1125 (4) 1/30 (3) 1119 (5) 
NFS congenic for various ecotropic T and B lym- 0120 (0) 3180 (4) 0118 (0) 

V loci phomas 

*FM-I2 is an in vitro recombinant between molecularly cloned Friend and Moloney viruses constructed by P. Chatis and N. Hopkins. 
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were essentially negative, as were the 
AKR-type endogenous viruses present 
in high titers. Moloney virus was much 
less effective in producing the vibrissal 
changes than Friend virus; the changes 
required several months to develop and 
were generally not as extensive as in 
mice infected with Friend virus. Mice 
that developed Friend erythroleukemia 
after being infected with Friend virus 
complex as weanlings did not show whis- 
ker changes. 

The vibrissal anomalies in mice report- 
ed in Table 1 did not correlate with the 
occurrence of leukemia. In most of the 
categories, about half the animals exam- 
ined were leukemic while the others had 
not yet developed disease; in each case 
the incidence of deformed vibrissae was 
comparable in the leukemic and preleu- 
kemic animals. 

Further evidence that the strain of 
virus rather than type or occurrence of 
disease was the determining factor is 
shown by the results with Friend virus. 
The type of disease induced by the 
Friend helper virus depended on the 
genotype of the host; in some strains, 
including NFSIN, the virus induced 
erythroleukemia almost exclusively, 
whereas in C57BL and hybrids derived 
from it the virus induced lymphomas 
after a longer incubation period (6). In 
both systems the NB-tropic Friend help- 
er virus regularly induced the whisker 
lesions (Table 1). 

The mechanism by which the vibrissae 
were damaged is not known. The inocu- 
lated virus replicated to moderately high 
titers in the affected areas; the skin of the 
nose of affected mice showed titers in the 
range of 16.~ to lo6 plaque-forming units 
of virus per gram of tissue. Preliminary 
histopathologic studies have not indicat- 
ed a consistent lesion. In a few animals 
there was some disorganization of the 
hair bulb, whereas in others the central 
root sheath appeared irregular. The most 
striking histopathologic observation was 
on the vibrissae of the mice with erythro- 
leukemia induced by the Friend helper 
virus, but it may not have been related to 
the origin of the deformities. Normal 
vibrissae are enclosed in a blood-filled 
sinus, the lower two-thirds of which con- 
tains a loose network of stromal cells. In 
the erythroleukemic mice this network 
was infiltrated with large numbers of 
hematopoietic cells, primarily erythro- 
blasts. Comparable infiltration with my- 
eloblasts was seen in the perivibrissal 
sinus of two mice with myeloid leukemia 
induced by the C2S-M MuLV, but in one 
of the animals the vibrissae showed no 
deformity. Animals with whisker lesions 
induced by the Moloney or Cas-Br-M 
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Fig. 1 .  Normal mouse (left) 
and mouse inoculated with 
Friend MuLV (right). The nor- 
mal vibrissae are dense, thick, 
straight, or slightly curved, 
and give a "starburst" pat- 
tern. The whiskers of the in- 
fected mouse are asymmetri- 
cal, sparser, shorter, more 
curved, and in some cases bi- 
directionally curved. 

virus did not show cellular infiltration of 
the sinus. These observations, together 
with the finding that the whisker defor- 
mities could significantly precede the 
onset of erythroleukemia, indicate that 
this ectopic hematopoiesis is not the 
cause of the anomalies. 

An interesting observation was made 
that indicates that MCF-type recombi- 
nant viruses are involved in the patho- 
genesis of the vibrissal changes. During 
the replication of ecotropic or amphotro- 
pic MuLV's in mice, recombinant virus- 
es arise that have acquired a new viral 
envelope (env) gene, and in some cases 
other viral genetic regions as well (7). 
These env gene recombinants are known 
as MCF viruses because they character- 
istically produce foci of cellular damage 

Table 2. Effect of a gene for resistance to 
MCF viruses on incidence of whisker defor- 
mities. The congenic mice were NFS mice 
heterozygous for Rmcf' and Hm in coupling; 
they were mated to NFS and the progeny 
were inoculated with virus and scored for 
hammertoe. Since Rmcf and Hm show only 2 
percent recombination (lo), the hammertoe 
phenotype is highly predictive of the Rmcf'l" 
genotype. In the NFS x (NFS.Hm x D B N  
2)F, cross, NFS and NFS.Hm (a line of NFS 
congenic for the marker gene Hm) are Rmcf", 
whereas DBN2 is Rmcf'; thus the Rmcf' and 
Hm alleles are in repulsion, and the normal 
toed segregants would be Rmcfl". 

Number of mice with 
whisker lesions/number 

Virus examined (%) 

NFS.Rmcf Hm congenics 
Friend* 27/36 (75) 12/35 (34) 
1504-A 15/15 (100) 13/20 (65) 
Cas-Br-M 516 5fl 
C2S-M 313 111 1 
Moloney 16/35 (46) 10130 (33) 
FM-I2 21/23 (91) 10/19(53) 

NFS x (NFS.Hm x DBA/Z)F, 
Moloney 9/14 (64) 3/10 (30) 

Total %/I32 (73) 541132 (41) 
X 2  = 26.0, P << 0.001 

.These mice were scored at 45 to 60 days, near the 
end of the latent period of erythroblastosis; subse- 
quently they all developed whisker deformities. 

in a tissue culture line of mink lung cells. 
In the case of certain virus systems in- 
ducing thymic lymphomas (8) or erythro- 
leukemias (9), the MCF recombinants 
are essential to the development of the 
disease, possibly by conferring a new 
tissue host range on the virus population. 
Workers at our laboratory have recently 
described a gene, Rmcf on mouse chro- 
mosome 5, the dominant (r) allele of 
which specifically reduces the sensitivity 
of the cells to infection by MCF viruses 
(10). A number of the mice we observed 
for whisker deformities were from cross- 
es segregating for this gene [in coupling 
or repulsion with the closely linked mor- 
phological marker gene hammertoe 
(Hm)]. Overall, there was a highly signif- 
icant association between inheritance of 
the resistance allele at Rmcf and de- 
creased frequency of the anomalies (Ta- 
ble 2); also there was a distinct tendency 
for positive ~mcfsl" mice to have more 
extensive alterations of the whiskers 
than positive ~ m c f "  mice (data not 
shown). Thus, even though the cloned 
virus inocula were free of MCF viruses, 
MCF-type recombinants appeared to 
participate in the genesis of the lesions in 
at least some of the virus systems stud- 
ied. Clearly, not all MCF viruses could 
affect the vibrissae, since the thymotro- 
pic MCF's, as shown in Table 1, were 
virtually inactive (11). 

WALLACE P. ROWE 
Laboratory of Viral Diseases, 
National Institute of Allergy 
and Infectious Diseases, 
Bethesda, Maryland 20205 
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The Immune Response Evokes Changes in 
Brain Noradrenergic Neurons 

Abstract. A decreased noradrenaline turnover in the hypothalami of rats was 
observed at the peak of the immune response to sheep red blood cells. The decrease 
in noradrenergic neuronal activity was mimicked by injection of soluble mediators 
released by immunological cells activated in vitro. Noradrenaline also tended to 
decrease in the brainstem but not in the residual brain. It is suggested that products 
released from activated immunological cells during the immune response may 
induce the previously described autonomic and endocrine mechanisms that contrib- 
ute to immunoregulation. 

The immune response is a phasic phe- 
nomenon that includes well-programmed 
interactions among different cell types 
and molecules. Signals, originating from 
cellular and molecular elements of the 
immune system itself, constitute a level 
of autoregulation. There is also evidence 
of another more integrative level of regu- 
lation mediated by neuroendocrine sig- 
nals (1). That there are information chan- 
nels between immunological cells and 
the central nervous system (CNS) is indi- 
cated by the finding that changes in firing 
rates of neurons of the medial hypothala- 
mus occur during the immune response 
(2). Since aminergic neurons projecting 
to the hypothalamus are important con- 
trollers of hypothalamic neuronal activi- 
ty, we have considered the possibility 
that immunological signals could affect 
aminergic circuits within the CNS, 
which in turn could mediate the nor- 

adrenaline (NA) changes in lymphoid 
organs (3) and the hormonal changes (1) 
observed during the immune response. 
We report here that the immune re- 
sponse elicits a decrease in NA synthesis 
in the hypothalamus and that soluble 
products of activated immunological 
cells induce a decrease in NA content in 
the hypothalamus. 

Since hypothalamic catecholamine 
(CA) concentrations are rather stable 
under normal conditions (4), we studied 
turnover rates (K)  and rate constants of 
amine loss (k)  in control rats and in rats 
immunized with sheep red blood cells 
(SRBC) using a-methyl-p-L-tyrosine (a- 
MTP) (5). This drug blocks the rate- 
limiting step of CA synthesis, acting as a 
competitive inhibitor of tyrosine hydrox- 
ylase. At the time of the peak immune 
response to SRBC, that is, 4 days after 
antigenic challenge, the number of 

plaque-forming cells (PFC) was mea- 
sured in the spleen, as was also the CA 
turnover rate in the hypothalamus. All 
data taken together indicated a tendency 
for a decreased NA turnover rate in 
immunized animals. Because our ani- 
mals showed considerable variabilitv in 
the magnitude of their response to 
SRBC, we considered the possibility that 
those animals that responded strongly to 
the antigen might show a more pro- 
nounced decrease in NA synthesis in the 
hypothalamus. 

When the NA turnover rates in the 
hypothalamus of each animal were plot- 
ted against the corresponding number of 
PFC per spleen, it was apparent that the 
animals with a more evident decrease in 
NA synthesis in the hypothalamus were 
those that responded strongly to the anti- 
gen. The data were therefore assessed in 
terms of high and low responder animals. 
Those rats whose splenic PFC values 
were higher than the mean number of 
PFC were classified as high responders 
(high responders > mean PFC) and the 
others as low responders (low respon- 
ders < mean PFC). By this criterion, 
high responders had two- to threefold 
more PFC in the spleen than low re- 
sponders; about half of the number of 
animals fell in each category. This classi- 
fication revealed that the high respond- 
ers markedly decreased their NA turn- 
over rates in the hypothalamus (Table 1) 
whereas the low responders had turn- 
over rates almost equal to those of the 
nonimmunized controls. 

No changes were noted on day 1 after 
immunization (data not shown), suggest- 
ing that this phenomenon was neither 
caused by stress during manipulation nor 
by the antigen itself. This view is rein- 
forced by the fact that low responders 

Fig. 1. Reduced NA content in (A) the hypothalamus and (B) the = 
brainstem of rats after the injection of supernatants from activated 
immunological cells. One group of Holtzmann rats was injected o 
intraperitoneally with 1 ml of the supernatant from activated immuno- loo 

logical cells (AIC). These cells were obtained from the spleens of * 
Lewis rats and were treated as described (11). Briefly, suspensions of Sfl 96 

10' cells per milliliter in RPMI 1640 medium containing 10 percent 3 
heat-inactivated fetal calf serum were stimulated with Con A (5 92 

(*.glml). After incubation of the mixture for 48 hours at 3TC,  the ; 88  supernatant was collected. Two other groups of rats were injected 
either with the same volume of RPMI 1640 medium or with control - 
supernatant that was obtained as described above but Con A was 84 

added to the supernatant after collection. Two hours after the E 
injection, the animals were killed and the hypothalamus, brainstem, O 

and right hemisphere were removed as described in Table 1 Catechol- i RPMI Contro l  AIC RPMI Control  AIC 
amines were determined by high-performance liquid chromatography 1640  super- super- 1640 super- super- 
[column: 10 cm RP-18 Spheri 5 (Brownlee); mobile phase: 6.7 mM natant natant  natant  natant  

Na2HP04; 13.3 mM citric acid; 2.5 mM octanesulfonic acid; 0.05 mM EDTA; 13 percent methanol, p H  3.3; flow rate: 1.3 ml/min] and 
electrochemical detection (detector potential against AglAgCI: 0.65 mV). Values are means k standard error of the mean. Results are expressed 
as the percentages of those for rats injected with RPMI 1640 medium. The average NA values for this control ranged from 2913.78 + 124.98 pg to 
3506.70 t 112.71 pg per milligram of tissue in the hypothalamus, and from 812.03 t 13.94 pg to 960.73 t 29.50 pg per milligram of tissue in the 
brainstem. In each experiment we used 13 to 16 animals per group. The NA content of the hypothalamus of rats injected with AIC supernatant 
differed significantly from controls injected with RPMI 1640 (Student's t-test, P < 0.005) or with control supernatant (P  < 0.05). The NA content 
of the brainstem of rats injected with AIC supernatant differed significantly from the group injected with RPMI 1640 medium ( P  < 0.02). 

%A CPIFNrF V n I  771 




