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Short Communication

Recently identified a novel neuropeptide manserin
colocalize with the TUNEL-positive cells in the top villi of the
rat duodenum
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Abstract: We recently isolated a novel 40 amino acid neuropeptide designated manserin from the rat brain. Manserin is
derived from secretogranin II, a member of granin acidic secretory protein family by proteolytic processing, as previously
reported secretoneurin and EM66. Manserin peptide are localized in the endocrine cells of the pituitary. In this study, we
further investigated the manserin localization in the digestive system by immunohistochemical analysis using antimanserin
antibody. In the duodenum, manserin immunostaining was exclusively observed in the nuclei of top villi instead of cytosol as
observed in neurons in our previous study. Interestingly, manserin-positive cells in the duodenum are colocalized with terminal
deoxynucleotidyl transferase-mediated dUTP nick-end labeling (TUNEL) positive cells, the cells whose DNA was damaged. Since
the top villi of duodenum epithelial cells are known to undergo spontaneous apoptosis during epithelial cell turn over, and
since other peptides such as secretoneurin and EM66 derived from SgII have been reported to be cancer-related, these results
indicated that manserin peptide may have a role in apoptosis and/or cancer pathogenesis in the digestive organ. Copyright 
2008 European Peptide Society and John Wiley & Sons, Ltd.
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INTRODUCTION

Secretogranin II (SgII) is an acidic secretory protein
which was originally designated as chromogranin C
[1,2]. SgII retains a number of pairs of basic residues
within its amino acid sequence which are sites at
which proteolytic processing could cleave smaller
peptides from the precursor protein. Several peptides
cleaved from SgII are reported to date, including
secretoneurin and EM-66 [3,4]. We recently isolated
a novel SgII-derived 40 amino acid neuropeptide
designated manserin from the rat brain that showed
interesting localization in the pituitary compared to its
precursor protein SgII [5], suggesting its interesting role
in the central nervous system. The roles of manserin
in the gastrointestinal tract are not known to date.
According to previous report, secretoneurin and EM66,
a neighbor peptide derived from SgII are known to be
cancer-related [6,7]. For example, serum concentration
of EM66 is significantly different between benign and
malignant pheochromocytomas [8]. Concentrations of
secretoneurin in serum and urine are also useful
for discriminating between benign and malignant
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neuroendocrine tumours [9]. The small intestine is
not only one of the important organs for regulating
metabolism via the digestion and absorption of food but
also for physiological apoptosis [10–14]. These facts led
us to investigate the relation of cancer or apoptosis with
manserin.

MATERIALS AND METHODS

All animal experiments were approved by the Community
of Laboratory Animal Research Center in the University
of Tsukuba which conforms to the National Institutes
of Health (NIH) guide for the use of laboratory animals
[15]. Rat antimanserin antibody was prepared as described
previously [5]. The specificity of antimanserin antibody was
already confirmed by immunoblot and by the fact that
the reactions were specifically inhibited by addition of the
corresponding antigen [5]. Rabbit anti-SgII antibody was from
QED (San Diego, CA). Tissues were obtained from 6-week-
old male Wister rats and fixed with 4% formaldehyde/0.1
M phosphate, pH 7.3 (0.1 M PB), freshly prepared from
paraformaldehyde. Immunohistochemistry was performed as
described previously [5]. Briefly, sections were first incubated
in 0.3% H2O2/methanol for 20 min at room temperature,
then were blocked with 5% normal goat serum (NGS,
Invitrogen, Carlsbad, CA) in 0.1% Triton-X/PBS (T-PBS) for
single immunostaining and with 5% normal horse serum
(NHS, Vector Laboratories, Burlingame, CA) in T-PBS for
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double staining for 1 h at room temperature, prior to an
incubation with the antibodies in T-PBS at 4 °C overnight. For
terminal deoxynucleotidyl transferase-mediated dUTP nick-
end labeling (TUNEL) assay, we used in situ Cell Death
Detection Kit, TMR red (Roche Applied Science, Penzberg,
Germany). The secondary antibodies used were as follows:
(i) biotinated goat antirabbit IgG (dilution 1 : 500 in T-PBS,
Vector Laboratories), (ii) TSA plus Fluorescence Systems with
FITC (dilution 1 : 50, NEN Life Science, Boston, MA), and
(iii) horse antimouse conjugated with Texas red (dilution
1 : 500, Vector Laboratories). Antigen–antibody complex for
single immunostaining was detected with either a Vectastatin
ABC kit (Vector Laboratories) or an Envision + kit (Dako
Cytomation, Kyoto, Japan) followed by a visualization with
0.02% 3,3′-diaminobenzidine solution with 0.06% ammonium
nickel (II) sulfate hexahydrate and 0.005% H2O2. The slides
were examined under microscopes (DM RBE and MZ 16,
Leica) and FW 4000 or IM50 software (Leica) was used to
obtain digital images for immnoperoxidase or iminofluorescent
labeling.

RESULTS

Immunolocalization of manserin in the intestine was of
great contrast with SgII. Manserin mainly restricts its
localization in the nuclei of the epithelial cells in the
top villi (Figure 1(A)) in the duodenum cells, whereas
the strongest SgII immunostaining was found mainly
in the striated border of the epithelial cells restricted
in the top villi (Figure 1(B)). These results suggest that
manserin is engaged in nuclear transport for its specific
role at the top villi of digestive organs.

Since the cells in the top villi are considered to be in
the final stage of the turnover cycle, we next performed
double fluorescent staining using the antimanserin
antisera and the TUNEL staining. As also observed
in Figure 1(A), immunofluorescent staining showed
manserin-like staining in the epithelial cells in the

top villi of the duodenum cells (Figure 2(A)). TUNEL
experiment also revealed top villi-specific staining
(Figure 2(B)) which was mostly overlapped with the
manserin-positive cells (Figure 2(C)), suggesting its
function in the programmed cell death.

DISCUSSION

In this study, we have demonstrated that (i) manserin
was nuclearly localized in the top villi of the duodenum
and (ii) manserin was colocalized with TUNEL-positive
cells. These results suggest that neuropeptide manserin
might be related with some mechanism of programmed
cell death.

Localization of manserin peptide in the top villi
of the duodenum epithelium strongly suggests that
manserin might be involved in the turnover mecha-
nism of intestinal epithelium. Normally, a crypt stem
cell proliferates and matures into an epithelial cell while
it migrates upward along crypt/villus axis for approx-
imately 2–3 days [10–13]. Given the existence of this
dynamic system, cell proliferation has to be counter-
balanced by cell death [16]. Regulation of epithelial cell
growth is highly complex and is controlled by a vari-
ety of factors, including direct acting factors such as
local nutrients and cell loss, and stimulants such as
polyamines, or indirect acting factors such as gastroin-
testinal hormones and peptides [14,17,18]. We do not
know how manserin exerts in that turnover mechanism,
but the fact that manserin was localized especially in
the upper third of the villi, in addition to its nuclear
localization instead of cytosol, suggest that manserin
might be involved in the programmed cell death occur-
ring spontaneously [13,19] during the mechanism of
intestinal turnover. Indeed, in our study, double stain-
ing revealed that TUNEL staining exclusively colocalized

Manserin SgIIBA

Figure 1 Manserin (A) and SgII (B) immunostaining labeled with immunoperoxidase in the duodenal epithelial cells. (A)
Immunostaining showed that manserin was specifically detected in nuclei of top villi in the duodenal. (B) In contrast, SgII was
found mainly in the striated border of the epithelium cells of top villi. Scale bars: 20 µm.
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Figure 2 Double fluorescent staining by antimanserin antiserum and TUNEL assay in the duodenum. Manserin (A, green)
frequently existed in TUNEL positive apoptotic cells (B, red) of the duodenal villi (C, overlaid). Scale bars: 20 µm.

with manserin immunoreactivity. Many studies indi-
cated that TUNEL staining labels damaged DNA in
degenerative cells with high sensitivity [20]. It can detect
apoptotic cells even when their concentration in the tis-
sue is low. Although some people question its specificity
of in situ detection of DNA fragmentation by TUNEL
[21], these results strongly suggest that manserin is
involved in some mechanism of apoptosis. Numerous
studies about involvement of apoptosis in disease are
reported [22–25].

Intestinal localizations in other SG-II-derived peptide
and secretoneurin [3,4,26], have also been reported.
However, instead of the top villi of intestinal epithelial
cells, secretoneurin exists in nerve fibres of myenteric
and submucous plexuses in all layers of the gut wall
[26,27]. Physiological functions of secretoneurin in
the intestine is not known to date. Schurmann et al
and Trandaburu et al reported intestinal localization of
granin proteins and secretoneurin [26,28]. Relations of
secretoneurin in apoptosis is also known [6].

Possible relation to intestinal apoptosis of manserin
peptide may lead to the interesting thought that
manserin might be related to cancer pathogenesis. As
a matter of fact, this thought is not, however, sur-
prising because increased immunoreactivities of chro-
mogranin/secretogranin are continuously reported in
many kinds of tumours derived from endocrine cells,
and some are used as diagnostic markers of such
tumours [8,9,29]. Immunostaining of gastropancre-
atic neuroendocrine cells in neoplastic human tissue
such as insulin-producing islet and duodenal carci-
noid showed the cell specific reactions of granins [30].
Serum secretoneurin level is increased in patients of
metastatic prostate cancer [31]. Thus, the presence of

manserin exclusively in the apoptotic intestine nuclei
suggests that this peptide has distinct function in pro-
grammed cell death system of the epithelium, and may
be related to oncogenesis. However, we cannot exclude
the possibility that manserin may be just one of the
metabolic products of proteolytic cleavage in the path-
ways. Further studies should be necessary to elucidate
the physiological role of this novel peptide, manserin.

REFERENCES

1. Fisher-Colbrie R, Laslop A, Kirchmair R. Secretogranin II:
Molecular properties, regulation of biosynthesis and processing to
the neuropeptide secretoneurin. Prog. Neurobiol. 1995; 46: 49–70.

2. Taupenet L, Harper KL, O’Connor DT. The chromogranin-
secretogranin family. N. Engl. J. Med. 2003; 348: 1134–1149.

3. Wiedermann CJ. Secretoneurin: a functional neuropeptide in
health and disease. Peptides 2000; 21: 1289–1298.

4. Montero-Hadjadje M, Pelletier G, Yon L, Li S, Guillemot J,
Magoul R, Tillet Y, Vaudry H, Anouar Y. Biochemical character-
ization and immunocytochemical localization of EM66, a novel
Peptide Derived from Secretogranin II, in the Rat Pituitary and
Adrenal Glands. J. Histochem. Cytochem. 2003; 51: 1083–1095.

5. Yajima A, Ikeda M, Miyazaki K, Maeshima T, Narita M. Manserin, a
novel peptide from secretogranin II in the neuroendocrine system.
Neuroreport 2004; 15: 1755–1759.

6. Kirchmair R, Egger M, Walter DH, Eisterer W, Niederwanger A,
Woell E, Nagl M, Pedrini M, Murayama T, Frauscher S, Hanley A,
Silver M, Brodmann M, Sturm W, Fischer-Colbrie R, Losordo DW,
Patsch JR, Schratzberger P. Secretoneurin, an angiogenic
neuropeptide, induces postnatal vasculogenesis. Circulation 2004;
110: 1121–1127.

7. Guillemot J, Anouar Y, Montero-Hadjadje M, Grouzmann E,
Grumorato L, Roshmaninho-Salgato J, Turquier V, Dupark C,
Lefebvre H, Plouin P-F, Klein M, Muresan M, Chow BKC,
Vaudry H, Yon L. Circulating EM66 is a highly sensitive marker for
the diagnosis and follow-up of pheochromocytoma. Int. J. Cancer

2006; 118: 2003–2012.

Copyright  2008 European Peptide Society and John Wiley & Sons, Ltd. J. Pept. Sci. 2008; 14: 773–776
DOI: 10.1002/psc



776 YAJIMA, NARITA AND NARITA

8. Yon L, Guillemot J, Montero-Hadjadje M, Grumorato L, Leprince J,
Lefebvre H, Contesse V, Plouin P-F, Vaudry H, Anouar Y.
Identification of the secretogranin II-derived peptide EM66 in
pheochromocytoma as a potential marker for discriminating benign
versus malignant tumors. J. Clin. Endocrinol. Metab. 2003; 88:
2579–2585.

9. Ischia R, Gasser RW, Fischer-Colbrie R, Eder U, Pagani A,
Cubeddu LX, Lovisetti-Scamihorn P, Finkenstedt G, Laslop A,
Winkler H. Levels and molecular properties of secretoneurin-
immunoreactivity in the serum and urine of control and
neuroendocrine tumor patients. J. Clin. Endocrinol. Metab. 2000;
85: 355–360.

10. Creamer B, Shorter RG, Bamforth J. The turn over and shedding
of epithelial cells. Gut 1961; 2: 108–110.

11. Miller DL, Hanson W, Schedl HP, Osborne JW. Proliferation rate
and transit time of mucosal cells in small intestine of the diabetic
rat. Gastroenterology 1977; 73: 1326–1332.

12. Tutton PJM. Variations in crypt cell cycle time and mitotic time in
the small intestine of the rat. Virchows Arch. 1973; 13: 68–78.

13. Iwakiri R, Gotoh Y, Noda T, Sugihara H, Fujimoto K, Fuseler J,
Aw TY. Programmed cell death in rat intestine: effect of feeding
and fasting. Scand. J. Gastroenterol. 2001; 36: 39–47.

14. Johnson LR, McCormack SA. Regulation of gastrointestinal
mucosal growth. In Physiology of the Gastrointestinal Tract, Vol. 1,
3rd edn, Johnson LR, Alpers DH, Christensen J, Jacobson ED,
Walsh JH (eds). New York: Raven Press: 1994; 611–641.

15. Institute of Laboratory Animal Resources Commission on Life
Sciences NRC. Guide for the Care and Use of Laboratory Animals.
Washington, DC: National Academy Press: 1996.

16. Ramachandran A, Madesh M, Balasubramanian KA. Apoptosis
in the intestinal epithelium: its relevance in normal and
pathophysiological conditions. J. Gastroenterol. Hepatol. 2000; 15:
109–120.

17. Klurfeld DM. Nutritional regulation of gastrointestinal growth.
Front. Biosci. 1999; 4: D299–D302.

18. Taylor RG, Fuller PJ. Humoral regulation of intestinal adaptation.
Baillieres Clin. Endocrinol. Metab. 1994; 8: 165–183.

19. Potten CS. The significance of spontaneous and induced apoptosis
in the gastrointestinal tract of mice. Cancer Metastasis Rev. 1992;
11: 179–195.

20. Gold R, Schmied M, Giegerich G, Breitoschopf H, Hartung HP,
Toyka KV, Lassman H. Differentiation between cellular apoptosis

and necrosis by the combined use of in situ tailing and nick
translation techniques. Lab. Invest. 1994; 71: 219–225.

21. Nishiyama K, Kwak S, Takekoshi S, Watanabe K, Kanazawa I.
In situ nick end-labeling detects necrosis of hippocampal pyramidal
cells induced by kainic acid. Neurosci. Lett. 2002; 327: 83–86.

22. DeGiorgio R, Bovara M, Barbara G, Canossa M, Sarnelli G,
DePonti F, Stanghellini V, Tonini M, Cappello S, Pagnotta E,
Nobile-Orazio E, Corinaldesi R. Anti–HuD–induced neuronal
apoptosis underlying paraneoplastic gut dysmotility. Gastroenterol-

ogy 2003; 125: 70–79.
23. Husain KD, Stromberg PE, Javadi P, Buchman TG, Karl IE,

Hotchkiss RS, Coopersmith CM. Bcl-2 inhibits gut epithelial
apoptosis induced by acute lung injury in mice but has no effect
on survival. Shock 2003; 20: 437–443.

24. Groos S, Reale E, Hunefeld G, Luciano L. Changes in epithelial cell
turnover and extracellular matrix in human small intestine after
TPN. J. Surg. Res. 2003; 109: 74–85.

25. Marshman E, Ottewell PD, Potten CS, Watson AJ. Caspase
activation during spontaneous and radiation-induced apoptosis
in the murine intestine. J. Pathol. 2001; 195: 285–292.

26. Schurmann G, Bishop AE, Facer P, Eder U, Fischer-Colbrie R,
Winkler H, Polak JM. Secretoneurin: a new peptide in the human
enteric nervous system. Histochem. Cell Biol. 1995; 104: 11–19.

27. Dun NJ, Dun SL, Lin HH, Hwang LL, Saria A, Fischer-Colbrie R.
Secretoneurin-like immunoreactivity in rat sympathetic, enteric
and sensory ganglia. Brain Res. 1997; 760: 8–16.

28. Trandaburu T, Ali SS, Trandaburu I. Granin proteins (Chromo-
granin A and secretogranin II C23-3 and C26-3) in the intestine of
reptiles. Ann. Anat. 1999; 181: 261–268.

29. Feldman SA, Eiden LE. The chromogranins: their roles in secretion
from neuroendocrine cells and as markers for neuroendocrine
neoplasia. Endocr. Pathol. 2003; 14: 3–23.

30. Wiedermann B, Waldherr R, Buhr H, Hille A, Rosa P, Huttner WB.
Identification of gastroenteropancreatic neuroendocrine cells in
normal and neoplastic human tissue with antibodies against
synaptophysin, chromogranin A, secretogranin I (chromogranin B),
and secretogranin II. Gastroenterology 1988; 95: 1364–1374.

31. Ischia R, Hobisch A, Bauer R, Weiss U, Gasser RW, Horninger W,
Bartsch G Jr, Fuchs D, Bartsch G, Winkler H, Klocker H, Fischer-
Colbrie R, Culig Z. Elevated levels of serum secretoneurin in
patients with therapy resistant carcinoma of the prostate. J. Urol.

2000; 163: 1161–1164.

Copyright  2008 European Peptide Society and John Wiley & Sons, Ltd. J. Pept. Sci. 2008; 14: 773–776
DOI: 10.1002/psc


