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Summary. Regula tory  pept ide  immunoreact ivi t ies  re- 
ported in the upper  respiratory system of man include 
vasoactive intestinal polypeptide (VIP) and peptide his- 
tidine methionine (PHM),  which are co-localized in a 
network of fine varicose nerve fibers. The present  study 
was under taken to examine the possible occurrence and 
distribution of the recently described VIP-like peptide 
helospectin. Double immunofluorescence labelling showed 
that helospectin is co-localized with VIP and PHM. In 
addition to nerve fibers containing all three peptides,  
scattered nerve fibers were detected that were only im- 
munoreactive to helospectin but not to VIP and/or PHM. 
The distribution of he lospec t in /VIP/PHM immunoreac-  
tive nerve fibers around blood vessels and in close rela- 
tionship to seromucous glands indicates their possible in- 
volvement  in the regulation of blood flow and secretion. 
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Introduction 

Various peptide immunoreactivit ies and the presence of 
all components  of the diffuse neuroendocrine system in 
the upper  respiratory tract have been reported,  indicat- 
ing complex physiological mechanisms [2, 4, 9, 11, 15, 
16, 20]. Nerve fibers immunoreact ive to vasoactive intes- 
tinal polypeptide (VIP) are widely distributed in the peri- 
pheral nervous system [5-7, 13, 19] and also occur in the 
upper  respiratory system, where VIP is co-localized with 
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peptide histidine isoleucine (PHI)  in various mammals  
[14, 16] or peptide histidine methionine (PHM) in man 
[12, 151 . 

Helospectin I and I I  are peptides isolated f rom the 
poisonous saliva of Gila monster  (Heloderma horridurn 
or H. suspectum) [17]. Helospectin I has the sequence 

His-Ser-Asp-AIa- Thr-Phe- Thr-Ala- Glu- Tyr-Ser-L ys-Leu- 
Leu-AIa-L ys-Leu-Ala-Leu-Gln-L ys- Tyr-Leu-Glu-Ser-Ile- 
Leu- Gly-Ser-Ser- Thr-Ser-Pro-Arg-Pro-Ser-Ser 

Helospectin I I  is identical to helospectin I except for the 
lack of Ser-38. Recently,  it was found that helospectin 
immunoreactivity is present in VIP-immunoreactive nerve 
fibers of the mammal ian  gastrointestinal tract [1]. The 
present  study was under taken to investigate helospectin 
immunoreactivi ty in nerve fibers of  the upper  airways of 
man. 

Materials and methods 

Surgical specimens consisted of tumor-free parts from the larynx (5 
vocal cords, 5 ventricular folds, 3 epiglottis and 1 subglottis) from 
patients undergoing laryngectomies for oncological reasons, parts 
of the inferior turbinates taken from 8 patients during septorhino- 
plasties, and portions of soft palates with uvulae from 3 patients 
following uvulopharyngoplasties. The tissue samples were fixed by 
immersion in Zamboni/Stefanini's solution [18, 22] for 4-6h at 
4°C and thoroughly rinsed in 0.01 M phosphate-buffered saline 
(PBS) containing 15% sucrose (at least overnight at 4°C). 

Cryostat sections 14gin thick were adhered on glass slides 
coated with poly-L--lysine [10] and then stained with the Coons' [3] 
indirect immunofluorescence method using monoclonal antibodies 
to VIP in combination with rhodamine- or fluorescein-isothio- 
cyanate-conjugated second layer antibodies (Table 1). Double im- 
munostaining was also carried out in combination with rabbit poly- 
clonal antisera to PHM and to helospeetin I in order to examine 
the possible co-existence of the three immunoreactants. 

After cutting, tissue sections were air dried at room tempera- 
ture for at least i h and then incubated for 30min with PBS at pH 
7.2 containing 0.1% Triton X-100. Following this, primary anti- 
bodies diluted in PBS containing 0.01% sodium azide and 0.1% 
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Table 1. Immunoreagents used to study regulatory peptide immunoreactivifies. (The dilutions shown gave maximum detection of antigen 
with lowest levels of background) 

Immunogen Abbre- Code Donor Type Dilu- Source 
viation tion 

Vasoactive intestinal polypeptide VIP MaVIP Mouse Monoclonal 1/800 

Peptide histidine methionine 27 PHM Ras7176N Rabbit Polyclonal 1/400 
Helospectin I HS 8843 Rabbit Polyclonal 1/800 
Mouse immunoglobulin G, RITC-coated AP131R Rabbit Polyclonal 1/25 
Rabbit immunoglobulin G, FITC-coated 4171-1 Goat Polyclonal 1/25 

East Acres Biologicals, South- 
bridge, MA, USA 
Peninsula, Belmont, CA, USA 
Milab, Malm~5, Sweden 
Chemicon, Temecnla, CA, USA 
BioMakor, Rehovot, Israel 

lqg. la ,  b. Double immunostaining using rabbit polyclonal anti- 
bodies to helospectin (HS, FITC) and monoclonal mouse antibodies 
to vasoactive intestinal polypeptide (VIP, RITC) in a 14-btm-thick 
frozen section of Stefanini/Zamboni's-fixed human epiglottis (ling- 
ual portion). A fine varicose nerve fiber (arrow) is labelled by both 
antibodies, showing a co-expression of helospectin (a) and VIP (b) 
immunoreactive material. Original magnification, × 470 

bovine serum albumin were incubated in parallel for 48 h at 4°C in 
moist chambers, followed by parallel incubation of the appropriate 
second layer antibodies for 1 h at room temperature. Coverslips 
were mounted using Glycergel (Dakopatts, Glostrup, Denmark 

and Santa Barbara, CA, USA). Slides were examined using a Poly- 
var microscope (Reichert-Jung-Leica, Vienna, Austria) equipped 
for double fluorescence microscopy, using B1 filters for green 
fluorescein isothiocyanate (FITC) fluorescence and G2 filters for 
red rhodamine isothiocyanate (RITC) fluorescence. 

Negative controls omitted primary antibodies, while positive- 
staining controls used tissues known to contain the antigen in ques- 
tion (e.g., stomach and duodenum). Absorption controls were 
performed on material from known positive tissue (gastrointestinal 
tract). The helospectin I antiserum cross-reacted with helospectin 
II and helodermin, but not with VIP, PHI, PACAP-27 and -38, 
salmon calcitonin and growth hormone releasing factor by adding 
10 pg of each of the peptides per milliliter of diluted antiserum 
[11. 
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Fig. 2. Double immunofluorescence of a 14-gin-thick frozen sec- 
tion of Stefanini/Zamboni's fixed human vocal cord, showing co- 
expression of helospectin (a) and VIP (b) immunoreactive material 
in thin varicose nerve fibers (arrow) within a nerve bundle in the 
lamina propria. Original magnification, × 470 

Results 

Double immunofluorescence revealed nerve fibers im- 
munoreactive to VIP, PHM and to helospectin antibodies 
in all tissues examined. Virtually all nerve fibers labelled 
by the antiserum to VIP were also immunoreactive to 
PHM and/or  helospectin. However ,  nerve fibers exclu- 
sively immunoreactive with helospectin antibodies were 
occasionally detected. 

Dense networks as well as numerous scattered vari- 
cose VIP /PHM immunoreactive nerve fibers showing 
co-expression of helospectin immunoreactivity were main- 
ly found in close relationship to serous/mucous glands 
(Fig. la ,  b) and blood vessels (Fig. 2a, b) in the lamina 
propria of all tissues investigated. 

All nasal mucosal samples investigated demonstrated 
the most dense innervation of VIP/PHM/helospect in-  

immunoreactive nerve fibers. The soft palate showed 
nearly the same distribution and number of immunoreac- 
rive structures. In contrast, the mucosa of the epiglottis 
and subglottis was less densely innervated with VIP/PHM/ 
helospectin-immunoreactive nerve fibers. Single nerve 
fibers were located underneath the epithelium and were 
more numerous around exocrine glands. Generally, near- 
ly all immunoreactive nerve fibers of the epiglottis were 
located at its lingual part. Finally, the laryngeal ventricu- 
lar fold showed a more dense innervation of VIP /PHM/  
helospectin-immunoreactive nerve fibers than did the 
vocal cord. 

Discussion 

The findings of the present study indicate the existence 
of helospectin-like peptide(s) in the nasal mucosa, soft 
palate and larynx of man. Absorption controls also showed 
that the antibody to helospectin I reacts with helospectin 
lI and therefore cannot distinguish between helospectin 
I and II. Most nerve fibers demonstrated with this anti- 
body were also immunoreactive to VIP and PHM, while 
scattered fibers were only positive for helospectin. The 
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Fig. 3. Double immunofluorescence using polyclonal rabbit anti- 
bodies to helospectin (a) and monoclonal mouse antibodies to VIP 
(b) in a 14-gm-thick frozen section of Stefanini/Zamboni's fixed 
human epiglottis. A single varicose nerve fiber in between mucous 
glands is labelled by the anti-helospectin antibody, whereas the 
anti-VIP antibody shows no reaction in the same nerve fiber. Orig- 
inal magnification, × 470 

distribution of immunoreactive nerve fibers demonstrated 
around blood vessels and in close relation to serous/ 
mucous glands indicates a possible involvement of all 
three peptides in the regulation of blood flow and secre- 
tion. 

The structural homology of VIP,  P H M  and helospec- 
tin I and I I  suggests comparable  biological activities [1, 
21]. In bioassay, the three peptides cause a stimulation 
of amylase release in the pancreatic acini of the guinea 
pig with relative potencies: i.e., VIP greater  than helos- 
pectin greater than PHM. They also cause an increase in 
adenosine 3,5-cyclic monophosphate  [23]. Helospectin I 
and I I  relax phenylepinephrine-contracted vessels to the 
same extent as VIP,  but with a lower potency [8]. 

Since VIP and helospectin I and II  have a similar pro- 
file of action, they may act on a common receptor  [8]. 

The functional significance of the co-localization demon-  
strated by three structurally related but distinct peptide 
immunoreactivities is the subject of further examination. 
The finding of scattered nerve fibers only immunoreac-  
tive with the helospectin antiserum but not for VIP sug- 
gests alternative subpopulations of helospectin-immuno- 
reactive nerve fibers and therefore also possible exclu- 
sive physiological mechanisms of helospectin without the 
presence of VIP. 

References 

1. Absood A, Ekblad E, Ekelund M, Hakanson R, Sundler F 
(1992) Helospectin-like peptides in the gastrointestinal tract. 
Immunocytochemical localization and immunochemical char- 
acterization. Neuroscience 46 : 431-438 

2. Albegger K, Hauser-Kronberger CE, Saria A, Graf A-H, Ber- 
natzky G, Hacker GW (1991) Regulatory peptides and general 
neuroendocrine markers in the human nasal mucosa, the soft 
palate and the larynx. Acta Otalaryngol (Stockh) 111 : 373-378 

3. Coons AH, Leduc EH, Connolly JM (1955) Studies on anti- 
body production. I. A method for the histochemical demon- 
stration of specific antibody and its application to a study of the 
hyperimmune rabbit. J Exp Med 102:49-60 



205 

4. Dahlquist A, Forsgren S (1989) Networks of peptide-contain- 
ing nerve fibers in laryngeal nerve paraganglia, Acta Otolaryn- 
gol (Stockh) 107: 289-295 

5. Diamond L, Szarek JL, Gillespie MN (1983) In vivo broncho- 
dilator activity of vasoactive intestinal peptide in the cat. Am 
Rev Respir Dis 128: 827-832 

6. Ekstroem J (1987) Neuropeptides and secretion. J Dent Res 
66 : 524-530 

7. Goyal RK, Rattan S, Said SI (1980) VIP as a possible neuro- 
transmitter of noncholinergic nonadrenergic inhibitory neu- 
rons. Nature 288 : 378-380 

8. Grundemar L, Hogestatt ED (1990) Vascular effects of helo- 
dermin, helospectin I and helospectin II: a comparison with 
vasoactive intestinal peptide (VIP) Br J Pharmacol 99:526- 
528 

9. Hauser-Kronberger CE, Hacker GW, Saria A, GraI A-W, A1- 
begger K (1991) Regulatorische Peptide und generelle neuro- 
endokrine Marker im oberen Respirationstrakt des Menschen. 
Allergologie 6 : 224-230 

10. Huang WM, Gibson S J, Facet P, Gu J, Polak JM (1983) Im- 
proved section adhesion for immunocytochemsitry using high 
molecular weight polymers of z-lysine as a slide coating. Histo- 
chemistry 77 : 275-279 

11. Ichimura K, Mineda H, Seki A (1988) Vascular effects of neu- 
ropeptides on nasal mucosa. Ann Otol Rhinol Laryngol 97: 
289-293 

12. Lacroix JS (1989) Adrenergic and non-adrenergic mechanisms 
in sympathetic vascular control of the nasal mucosa. Acta Phy- 
siol Scand 136 [Suppl 581] : 1-63 

13. Lindh B, Lundberg JM, HOkfelt T (1989) NPY-, galanin-, 
VIP/PHI-, CGRP- and substance P-immunoreactive neuronal 
subpopulations in cat autonomic and sensory ganglia and their 
projections. Cell Tissue Res 256 : 259-273 

14. Lundberg JM, Fahrenkrug J, H6kfelt T, Martling CR, Larsson 
O, Tatemoto K, )kngard A (1984) Coexistence of peptide HI 
(PHI) and VIP in nerves regulating blood flow and bronchial 

smooth muscle tone in various mammals including man. Pep- 
tides 5 : 593-606 

15. Lundberg JM, Martling C-R, H6fkelt T (1988) Airways, oral 
cavity and salivary glands: classical transmitters and peptides 
in sensory and autonomic motor neurons. In: Bj6rklund A, 
H6kfelt T, Owman C (eds) Handbook of chemical neuroana- 
tomy. Elsevier, Amsterdam, pp 391-444 

16. Luts A, Sundler F (1989) Peptide-containing nerve fibers in 
the respiratory tract of the ferret. Cell Tissue Res 258 : 259-267 

17. Raufman J-P, Jensen RT, Sutcliff VE, Pisano J J, Gardner JD 
(1982) Actions of Gila monster venom on dispersed acini from 
guinea pig pancreas. Am J Physiol 242 : G470-G474 

18. Stefanini M, Martino C de, Zamboni L (1967) Fixation of 
ejaculated spermatozoa for electron microscopy. Nature 216: 
173 

19. Sundler F, Ekblad E, Grunditz T, Hakanson R, Uddman R 
(1988) Vasoactive intestinal peptide in the peripheral nervous 
system. In: Said S, Mutt V (eds) vasoactive intestinal peptide 
and related peptides. Ann NY Acad Sci 527 : 143-167 

20. Uddman R, Alumets J, Densert O, Hakanson R, Sundler F 
(1978) Occurrence and distribution of VIP nerves in the nasal 
mucosa and tracheobronchial wall. Acta Otolaryngol (Stockh) 
86 : 443-448 

21. Vandermeers A, Gourlet P, Vandermeers-Piret M-C et al. 
(1987) Chemical, immunological and biological properties of 
peptides like vasoactive-intestinal-peptide and peptide-histidine- 
isoteucinamide extracted from the venom of two lizards (Helo- 
derma horridum and Heloderma suspectum). Eur J Biochem 
164 : 321-327 

22. Zamboni L, Martino C de (1967) Buffered picric acid formal- 
dehyde: a new, rapid fixative for electron microscopy. J Cell 
Biot 35 : 148A 

23. Zhou ZC, Gardner JC, Jensen RT (1989) Interaction of pep- 
tides and related to VIP and secretin with guinea pig pancrea- 
tic acini. Am J Physiol 256 : pG283-290 


