
metastases obtained at autopsy from pa- 
tients dying of SCCL ( N  = 5 ) ,  bombesin 
concentrations were nine times higher 
than those of extracts of livers from 
patients dying of other forms of cancer 
( N  = 4), (0.18 + 0.04 compared to 
0.02 + 0.005 pmole per milligram of pro- 
tein). Thus it is likely that biologically 
active bombesin is produced by SCCL 
tumor cells in vivo as well as in vitro. 
Multiple physiologic effects likely to  be 
produced by bombesin hypersecretion 
include anorexia, hypothermia, and hy- 
perglycemia. 

Fetal lung contains a high concentra- 
tion of bornbesin-like immunoreactivity, 
and immunocytochemical evidence re- 
veals that bombesin-like immunoreactiv- 
ity is limited to a subset of endocrine 
cells of the respiratory epithelium of fetal 
and neonatal human lung, whose num- 
bers are greatly reduced or even absent 
in the adult human lung (11). The finding 
of high bombesin-like reactivity in all 17 
SCCL cultures examined suggests that 
SCCL is derived from "bombesinergic" 
precursor cells, which are plentiful dur- 
ing early development. The fact that we 
failed to identify a single SCCL cell line 
lacking bombesin-like immunoreactivity 
suggests that the presence of bombesin 
may be an essential property for the 
continued growth of these cancer cells 
["autocrine" factor (18)] as  well as a 
clue to the nature of the precursor cell. 
While many other hormones and neuro- 
peptides can occur in SCCL tumors o r  
cultures (4), thus far only bombesin is 
always present in SCCL and lacking in 
non-SCCL lines. Finally, it is possible 
that the presence of bombesin peptides 
in the blood of people at risk for lung 
cancer (such as heavy smokers) would 
allow the early detection of SCCL when 
treatment with chemo- and radiotherapy 
is most likely to yield a long-term cure 
(19). Already, we have data indicating 
that elevated blood levels of bombesin in 
SCCL patients are correlated with the 
extent of tumor burden (20). 
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Novel Peptide Neuronal System in Rat Brain and Pituitary 

Abstract. Immunohistofluorescence studies of the rat central nervous system with 
antibodies to Phe-Met-Arg-Phe-NH2 (molluskan cardioexcitatory peptide) revealed 
a widespread neuronal system in the brain, spinal cord, and posterior pituitary. 
Immunoreactive axons and cell bodies were mainly located in cortical, limbic, and 
hypothalamic areas. Immunostaining of serial sections of the brain and pituitary 
showed that the Phe-Met-Arg-Phe-NH2 immunoreactive neurons were different from 
neurons labeled by antibodies to either Met-enkephalin or the pututive Met- 
enkephalin precursor Tyr-Gly-Gly-Phe-Met-Arg-Phe, which is structurally related to 
Phe-Met-Arg-Phe-NH2. Control staining by antiserum absorption and radio- 
irnmunoassay indicated that the antibodies that caused the specgc immrrnofluores- 
cence recognized peptides with an amidated Arg-Phe sequence at the carboxyl 
terminus. 

The endogenous opiate receptor ligand 
Met-enkephalin (Tyr-Gly-Gly-Phe-Met, 
YGGFM) (1) is widely distributed 
throughout the central and peripheral ner- 
vous system of vertebrate and inverte- 
brate species (2). A number of large Met- 
enkephalin-containing peptides and pro- 
teins, because of their primary structure 
and anatomical distribution, may serve as 
precursors for the opioid pentapeptide (3). 
One of these putative Met-enkephalin pre- 
cursors has the structure Tyr-Gly-Gly- 
Phe-Met-Arg-Phe (YGGFMRF) (4). This 
peptide is present in rat striata in amounts 
comparable to those of Leu-enkephalin (4, 
5), and, when measured with a specific 
radioimmunoassay (RIA), its regional dis- 
tribution in rat brain follows closely that of 
Met-enkephalin (6). The carboxyterminal 
tetrapeptide fragment of this heptapeptide 
is strikingly similar to the molluskan car- 
dioexcitatory peptide Phe-Met-Arg-Phe- 
NH2 (FMRF-NH2), which was isolated 
from clam ganglia by Price and Greenberg 
(7) .  Because brain contains peptidases ca- 
pable of cleaving enkephalins at the Gly- 

Phe bond (8), we hypothesized that 
YGGFMRF might not only serve as a 
precursor to Met-enkephalin but also to 
FMRF-NH2. To test this hypothesis we 
used antibodies to FMRF-NH2 for the 
immunofluorescent staining of rat brain 
and pituitary sections. These antibodies 
did indeed detect a widespread neuronal 
system; however, this neuronal system 
was unrelated to the Met-enkephalin- 
YGGFMRF neuronal system. 

The antibodies to FMRF-NH2 were 
prepared by injecting five rabbits with a 
carbodiimide reacted peptide-thyroglob- 
ulin mixture (9) emulsified in Freund's 
adjuvant. All the rabbits produced serum 
with a high titer of antibodies. The anti- 
serum from one rabbit (R3-1) was used 
for immunohistochemical mapping of 
FMRF-NH2 immunoreactive neurons in 
brain, spinal cord, and pituitary. The 
antiserum from the other four rabbits 
also specifically labeled the same neu- 
rons. The immunofluorescent staining 
was performed on serial cryostat sec- 
tions of paraformaldehyde-fixed brains 
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and pituitaries from eight normal and 
colchicine-treated rats (10). 

The most striking characteristic of the 
FMRF-NHz immunoreactive neuronal 
system was the high fiber density in 
cortical, limbic, and hypothalamic struc- 
tures (Table 1). In the pituitary the im- 
munoreactivity was associated with 
many neurosecretory endings in the neu- 
ral lobe (Fig. Id). No immunoreactivity 
in the intermediate or anterior pituitary 
was observed. The morphology of the 
FMRF-NH2 immunoreactive neurons 
was very characteristic. In the cortical 
and limbic areas, the fibers were thin and 
long with a classical beaded morphology 
(Fig. la). In hypothalamus and brain- 
stem, nerve endings were the predomi- 
nant immunoreactive structures (Fig. 
lc). To our knowledge, the distribution 
of this neuronal system is different from 
all peptide neuronal systems previously 
described. To establish the relation be- 
tween the FMRF-NH2 immunoreactive 
neurons and the neurons containing Met- 
enkephalin or YGGFMRF, we used the 
antiserums to FMRF-NH2 and to Met- 
enkephalin or YGGFMRF to stain adja- 
cent serial sections throughout the brain, 
cervical spinal cord, and pituitary (II). 
Both Met-enkephalin and YGGFMRF 
immunoreactivity were found in essen- 
tially all areas reported previously to 
contain Met- or Leu-enkephalin (Table 
1) (2). The different neuronal morpholo- 
gy of the two systems strongly suggested 
that they were distinct. Whereas FMRF- 
NH2 immunoreactive material was locat- 
ed in very thin, long beaded axons, the 
YGGFMRF-Met-enkephalin immunore- 
active material occurred in thick, bun- 
dle-like structures that often formed a 
reticulum-like pattern. In a few areas, 
especially in the spinal cord and brain- 
stem, the two systems seemed to over- 
lap. 

The specificity of the FMRF-NH2 im- 
munostaining was tested by antibody ab- 
sorption with synthetic fragments and 
derivatives of FMRF-NHz. All immuno- 
staining reported above could be blocked 
by incubating the sections with FMRF- 
NH2 antiserum in the presence of 5 pM 
FMRF-NH2, YMRF-NH2, MRF-NH2, 
and YGGFMRF-NHz. Arg-Phe-NH2 
could also block the immunostaining; 
however, a 100 pM concentration of this 
dipeptide was needed to block the im- 
munostaining completely. In contrast, 
non-amidated YGGFMRF as well as 
FMRFY did not block the immunostain- 
ing (12). Thus, an amide group at a 
carboxyl terminal Arg-Phe configuration 
seemed to be an absolute requirement 
for the antibodies. Recently, a melano- 
tropin-like peptide (yl-MSH) has been 
1 1  DECEMBER 1981 

described in the intermediate lobe of the 
bovine pituitary (13). This peptide has an 
amidated Arg-Phe sequence at the car- 
boxyl terminus. Large amounts (> 100 
CLM) of yI-MSH (14) also blocked the 
FMRF-NHz-like immunostaining. Evi- 
dence suggests, however, that yl-MSH 
is mainly restricted to the bovine inter- 
mediate pituitary and that the neuronal 
system described here does not contain 
yI-MSH: (i) The FMRF-NHz antiserum 
does not detect immunoreactive material 
in rat intermediate pituitary (Fig. Id). (ii) 

The FMRF-NHz immunoreactive neuro- 
nal system is different from and more 
widely distributed than the &endorphin 
system which contains MSH-related 
peptides (y3-MSH) (15). (iii) By a specif- 
ic radioimmunoassay to yI-MSH, no im- 
munoreactive material can be detected in 
rat pituitary and brain (16) and of all 
bovine brain regions, only the hypothala- 
mus contains very little yl-MSH-like im- 
munoreactivity (17). 

The carboxyl terminal tetrapeptide 
fragment of gastrin and of cholecystoki- 

Fig. I .  Cell bodies, 
axons, and nerve end- 
ings showing immu- 
nofluorescence stain- 
ing with antibodies 
to Phe-Met-Arg-Phe- 
NH2. (a) Long, bead- 
ed axons in the outer- 
most layer of the pyri- 
form cortex ( ~ 2 7 0 ) .  
(b) Cell bodies and 
axons in the dorsome- 
dial nucleus of the hy- 
pothalamus of a col- 
chicine-treated rat. 
These cell bodies 
were not visible with- 
out colchicine treat- 
ment, which blocks 
axonal transport of 
substances synthesized 
in the cell bodies. 
(c) Sections showing 
very dense immuno- 
stained nerve endings 
in the suprachiasmat- 
ic nucleus of a normal 
rat brain. Only the 
ventral aspect of the 
nucleus is stained. 
Nerve endings are 
also visible in the 
periventricular nucle- 
us along the third ven- 
tricle (V) (OC, op- 
tic chiasm) ( X  170). 
(d) Positively stained 

neurosecretory endings in the posterior pituitary of a normal rat. No immunoreactivity is seen 
in the intermediate lobe ( IL)  ( ~ 2 7 0 ) .  (e) Specificity control to (dl. An adjacent section was 
incubated with antiserum in the presence of 10 pM Phe-Met-Arg-Phe-NH2. All immunofluores- 
cence is blocked ( ~ 2 7 0 ) .  

1.0 

0.6 
m 

0.2 

Fig. 2. Radioimmunoassay 
- (RIA) specificity of the an- 

tibody to FMRF-NHZ used \\ for nerve brain. detecting cells The antiserum and immunoreactive axons was in rat di- 

luted 12,000 times in RIA buff- 
- FMRF-NH, er, and trace amounts of 12'1- 
and YGGFMRF-NH2 labeled Tyr-Met-Arg-Phe-NH2 
- were added. The displacement 

of this trace from the antibod- 
ies by FMRF-NH2 and by var- 

1 0 - ~  lo-8  10-7 ious fragments and analogs of 
Peptide (m) it is shown. Arg-Phe-NH2 is 

the smallest carboxyl terminal 
fragment which is recognized by the antibodies. Its cross-reactivity is 0.5 percent. XXXF-NH2 
stands for gastrin or CCK-related peptides which have an amidated phenylalanine at the 
carboxyl terminus. 



nin (CCK), both of which occur in brain 
(18). also has an amidated phenylalanine 
at the carboxyl terminus; the preceding 
amino acid, however, is an aspartic acid 
rather than an arginine. To  test whether 
the antibodies cross-reacted with CCK- 
like peptides, we conducted blocking ex- 
periments with gastrin I, CCK(26-33) 
(sulfated form), CCK(27-33), and 
CCK(30-33). None of these peptides 
was capable of blocking the immuno- 
staining at a 100-pM concentration. The 
neuropeptides Met-enkephalin, arginine- 

vasopressin, oxytocin, substance P, a- 
melanotropin, and somatostatin also did 
not cross-react. The FMRF-NH2 antibod- 
ies were further characterized by RIA. 
Since FMRF-NH2 does not contain an 
amino acid residue that can be radioio- 
dinated, a tyrosine-containing analog 
(YMRF-NH2) was synthesized (12). 
When radioiodinated YMRF-NH2 was 
used as a trace (19) the specificity of the 
antibodies in RIA closely paralleled the 
specificity results obtained by immu- 
nocytochemical blocking controls 

(Fig. 2); YMRF-NH2, FMRF-NH,, and 
YGGFMRF-NH2 were equally reactive; 
MRF-NH2 and RF-NH2 showed a cross- 
reactivity of 12 percent and 0.5 percent, 
respectively. Non-amidated YGGFMRF 
or FMRFY did not cross-react nor did 
the gastrin-CCK-related peptides. Of the 
other substances, only arginine-vaso- 
pressin and oxytocin showed a negligible 
cross-reactivity of 0.003 percent. Thus 
the antibodies seemed to be specific for 
the amidated carboxyl terminus of 
FMRF-NH2, with RF-NH2 being the 
smallest fragment recognized. 

These results demonstrate a novel 
peptide neuronal system in brain and 
pituitary. Numerous peptides that were 
first isolated from tissues other than 
brain are present in the central nervous 
system (20). FMRF-NH2 was first isolat- 
ed from clam ganglia. However, we do 
not know whether the neuronal system 
described here contains the entire 
FMRF-NH2 sequence. The antiserum- 
blocking controls and the RIA data taken 
together indicate that the specificity of 
the antibodies was such that RF-NH2 
itself or peptides with just the RF-NH2 
structure at the carboxyl terminus might 
produce a positive immunofluorescence. 
Although the RF-NH2 fragment and RF- 
NH2-containing peptides have a 200 
times lower affinity for the antibodies 
than FMRF-NH2, a cross-reactivity in 
this order can still cause a positive im- 
munofluorescence (21). It  is therefore 
possible that the neuronal system we 
detected in rat brain contains peptides 
which have the MRF-NH2 or  RF-NH, 
but not necessarily the entire FMRF- 
NH2 sequence at their carboxyl terminus 
(22). 

Note added in proof: After submission 
of this report, Dockray et al. (23) report- 
ed an FMRF-NH2-like substance in vari- 
ous vertebrate tissues. 
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Table 1 .  lmmunohistochemical distribution of FMRF-NHZ immunoreactivity compared to Met- 
enkephalin1YGGFMRF immunoreactivity in rat brain and pituitary. All areas showing FMRF- 
NH2 imrnunoreactivity are listed. Not all areas with Met-enkephalinlYGGFMRF-like imrnuno- 
reactivity are listed. The Met-enkephalinlYGGFMRF distribution found is in agreement with 
reported maps for Leu-enkephalin and Met-enkephalin (2). Symbols: fiber and nerve endings, 
+++ + very dense, + + + dense, + + moderate, + weak, and (+)  occasional fibers; strong cell 
body staining, .; weak cell body staining, 0. 

FMRF-NH2- 
Met-cnkephalinl 

like immuno- YGGFMRF- 
like immuno- reactivity reactivity 

Area 

Pituitary (Pars nervosa) 
Hypothalamus 

Nervus preopticus suprachias maticus 
Nervus preopticus paraventricularis 
Nervus preopticus medialis 
Nervus preopticus lateralis 
Nervus periventricularis 
Nervus suprachiasmaticus 
Nervus supraopticus 
Nervus anterior 
Nervus paraventricularis 
Nervus arcuatus (rostra]) 
Nervus arcuatus (caudal) 
Nervus ventromedialis anterior 
Nervus ventrornedialis 
Nervus lateralis 
Nervus dorsornedialis 
Nervus praemamillaris 
Ventral border 
Stria terminalis 

Cortical and limbic areas 
Frontal cortex 
Olfactory tubercle 
Pyriforrn cortex 
Corpus callosum 
Comissura anterior 
Entorhinal cortex 
Amygdala 
Amygdala (central nucleus) 

Thalamus 
Nervus periventricularis rotundocellularis 

Telencephalon 
Globus pallidus 
Nervus caudatus 
Nervus accumbens 
Nervus septi lateralis 

Mesencephalon 
Substantia grisea centralis 
Formatio reticularis 
Nervus interpeduncularis 

Medulla 
Nervus solitarius 
Nervus tractus spinalis nervi V 
Nervus nervi X 

Spinal cord 
Lamina I 
Lamina 11 
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the same method except that bovine thyroglobu- 
lin was used as a carrier. Specific immunofluo- 
rescence of rat brain sections produced by the 
Met-enkephalin antiserum was fully blocked by 
first incubating the antiserum with a 10-pM 
concentration of Met-enkephalin. YGGFMRF 
also blocked the immunostaining but only at a 
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rescence produced by the antiserum to 
YGGFMRF was blocked by 10-pM YGGFMRF 
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fold higher concentration. 
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of W. M. Hunter and F. C.  Greenwood [Nature 
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(London) 194, 495 (1962)l. Radioiodinated pep- 
tide was purified on a Sephadex G-10 column in 
50 percent acetic acid, and radioimmunoassays 
with antiserum R3-1 at a final dilution of 
I : 12,000 were performed according to a proce- 
dure described by E. Weber et nl. (21). The 50 
percent inhibition concentration of the radio- 
immunoassav was 500 DM. Interassav variabili- 
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Autoimmune Encephalomyelitis: Simultaneous Identification of 

T and B Cells in the Target Organ 

Abstract. Monoclonal antibodies to  guinea pig T cells and antiboldies to  guinea pig 
immunoglobulin G were used in immunofluorescence studies to identifi T and B cells 
in central nervous system t issuef iom guinea pigs with acute autoimmune encephalo- 
myelitis. T cells appeared before B cells and were distributed within the white matter 
parenchyma, while B cells remained in perivascular spaces. 

Although it is recognized that experi- 
mental allergic encephalomyelitis (EAE) 
is a T cell-mediated autoimmune demye- 
h a t i n g  condition (I), T cells have never 
been specifically identified in the target 
organ, the central nervous system 
(CNS). In the present study, fluorescein 
labeling of monoclonal antibodies to  
guinea pig T cells and rhodamine-labeled 
immunoglobulin G (IgG) were used to 
identify T and B cells in the CNS of 
guinea pigs with EAE.  By means of this 
technique we found that T and B cells 
display different distribution patterns in 
the CNS. We also observed that, with 
increasing severity of the disease, there 
are correlated variations in the distribu- 
tion of T and B cells, IgG, and the third 
component of complement (C3). 

Acute EAE was induced in adult strain 
13 guinea pigs by inoculation with an 
emulsion containing bovine white matter 
or isogeneic spinal cord tissue in com- 
plete Freund's adjuvant (2). A severe 
form of acute EAE was also induced in 
juvenile strain-13 guinea pigs similarly 
inoculated (3). Control animals consisted 
of uninoculated age-matched guinea 
pigs. Animals sensitized for E A E  devel- 
oped neurologic signs (paraparesis and 

incontinence) 12 to 24 days after inocula- 
tion. The animals were anesthetized and 
perfused with phosphate-buffered saline 
(PBS) and their CNS (brain and spinal 
cord) was removed. Slices were embed- 
ded in optimal cooling temperature medi- 
um and frozen in a bath of acetone and 
dry ice for cryostat sectioning. The sec- 
tions were cut 10 p m  thick and fixed for 
20 minutes in ethanol at  4°C. Staining for 
T cells was achieved with mouse mono- 
clonal antibodies to  guinea pig T cells 
(4). This antibody (5CC2) was raised 
against peripheral lymphocytes from 
guinea pigs and gave immunofluorescent 
staining of circulating T cells and mature 
thymocytes (it also gave weak staining of 
B cells when used at a dilution of 1: lo4 
or lower). Tissue was exposed to SCC2 
at  a dilution of 1: lo6 in PBS and then 
incubated with fluorescein isothiocyan- 
ate-conjugated F(ab')z fragments of rab- 
bit antibodies to mouse immunoglobulin 
at a dilution of 1 : 50 in PBS. For  simulta- 
neous demonstration of B cells, other 
IgG-containing cells (macrophages), and 
IgG deposits, we used rhodamine-conju- 
gated F(abl)* fragments of rabbit anti- 
bodies to guinea pig IgG (specific for 
heavy and light chains) at a dilution of 
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