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Levi-Montalcini received her medical degree and her specialization in neurology
and psychiatry from the Faculty of Medicine at the University of Turin, Italy, in 1936.
In the early postgraduate years, first at the University of Turin with Prof. Giuseppe
Levi and then at home in spite of severe personal restrictions and difficulties due 10
racial discrimination during World War II, she carried out studies on the neurogene-
sis of the cervical and thoracic ganglia of chick that takes place during prenatal devel-
opment. The results of these studies came to the attention of V. Hamburger, a leading
scientist at Washington University of St. Louis USA, who invited her to St. Louis to
continue these studies and to characterize the effect of wing or limb extirpation on the
development of motor and sensory neurons of chick embryos. This invitation marked
the beginning of a long and fruitful scientific collaboration between Levi-Montalcini
and Hamburger that led to the discovery of the nerve growth factor (NGF). In the fol-
lowing years, she studied the mechanisms of cell migration and neuronal differentia-
tion in the central nervous system of developing birds. The results she obtained on
transitional morphology and on cell survival or death occurring during nervous sys-
tem development most probably represent the first and best documented contribution
to the knowledge in the field of experimental neuroembryology of what is now more
correctly termed “apoptosis”™ or “programmed cell death™.

The NGF story started in 1949 when V. Hamburger showed Levi-Montalcini the
results of one of his postgraduate students, Elmer Bueker. Bueker had observed that
after the implantation of a small fragment of a malignant mouse tumor tissue into the
body-wall of 3-day chick embryos, sensory fibres invaded the mouse, and that the
ganglia which contributed fibers to the neoplastic tissue were somewhat larger than
the contralateral ganglia innervating the limb. Bueker hypothesised that this effect
was due to the fact that the rapidly expanding tumor offered the possibility to sen-
sory fibers to branch in a much larger field than the embryonic tissues replaced by
the neoplastic cells. This hypothesis did not convince Rita Levi-Montalcini. The
results of her reinvestigation led Levi-Montalcini to the hypothesis that the mouse
sarcoma tissues 180 and 37, when transplanted into a chick embryo, produced and
released a diffusible agent that stimulated growth and the differentiation of develop-
ing nerve cells. Using a variety of in vitro methodologies. she then demonstrated that
these tumor tissues produced and released a molecule that was able to stimulate neu-
rite outgrowth from sensory and sympathetic nerve cells. In 1952 she gave to this
substance the name of NGF. In the following years she worked on the characteriza-
tion of the biochemical nature of NGF, and in collaboration with Stanley Cohen, co-
winner of the Nobel Price in 1986, she identified in a protein fraction, the agent
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released by the tumor that promoted the effect on embryonic sensory and sympa-
thetic ganglia. Together, they discovered that NGF was stored in snake venom and
in the submaxillary salivary gland of mouse and that this gland produced the largest
available source of NGF. This latter finding not only made a better biochemical char-
acterization of NGF possible, but also that of its biological activities on neonatal and
adult mammalians and its purification. The description of the two classical studies
published in 1952 and 1954 showing that chick embryos bearing transplants of
mouse tumor 180 or 37 into the body cavity promote growth and differentiation of
neurons of the prevertebral ganglia was a clear example, as the Nobel Committee
recognized, of “how a skilled observer can create a concept out of apparent chaos™.

In the early fifties, Levi-Montalcini, Professor at the Department of Zoology at the
Washington University of St. Louis, intensified in vivo and in vitro studies of NGF
on small rodents, while first S. Cohen and later P. U. Angeletti investigated the
chemical and biochemical properties of NGF and both devised a methodology of
purifying large quantities of NGF {rom snake venom and from mouse salivary gland.
The availability of large amounts of NGF in the mouse salivary gland provided an
additional opportunity to carry out numerous and collaborative in vivo studies and
to investigate the structural. biochemical pharmacological action of NGF on sympa-
thetic and sensory nerve cells. The large amounts of purified NGF also led to the
possibility of producing anti-NGF antibodies and to characterize the effects of NGF
on the development of the peripheral nervous system by injecting this antibody into
new-born rodents. The immunodeprivation of NGF through exogenous administra-
tion of NGF-antibodies to these rodents and the observation that inhibition of circu-
lating NGF levels results in death of NGF-target cells described in the late sixties,
became known as immunosympathectomy.

In 1961, Levi-Montalcini established a small neurobiological unit in Rome, first
at the Superior Health Institute and in 1970 a larger group at the National Research
Council (CNR), where she became director of the newly formed Institute of Cell
Biology. In 1986 she founded the Institute of Neurobiology.

From 1968. she decided to spend three months a year in Italy and the rest of the
year at the Washington University of St. Louis.

[n 1968 Levi-Montalcini decided to take a sabbatical leave from the NGF studies
and was looking for a suitable invertebrate animal model to identify potential growth
factors in insect nervous system. Among the numerous insects available, she select-
ed the Periplaneta Americana cockroach. Levi-Montaleini working on the develop-
ment of the peripheral and central nervous system of cockroaches she identify a mol-
ecule endowed with neurite-growth promoting activity on isolated nerve cells of the
same or other insects. Unfortunately, the quantity of tissue storing this molecule was
very small and recombinant methods were not yet available and Levi-Montalcini
decided to give up to idea of isolating and purifying this unknown invertebrate neu-
rotrophic factor,

After 1972, Levi Montalcini returned to NGF studies. The first approach to the
renewed interest in this factor was the study of NGF on chemical and surgical axo-
tomized peripheral neurons. Eugene Gene Johnson, a young pharmacologist work-
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ing at Washington University Medical School in St. Louis, USA, joined her group
and to the NGF field. These collaborative studies produced the first consistent evi-
dence that NGF can prevent injury or even death of peripheral neurons exposed to
sympatholitic drugs. During these same years numerous other groups working in the
USA and in Europe showed great scientific interest in NGF studies. The increased
attention to this molecule brought to light original findings regarding its spectrum of
action on both the developing and the adult central nervous system (CNS) as well as
on cells of the endocrine and immune system. Meanwhile, other investigations led
to the identification of NGF receptors, protein sequences, gene localization and to
the discovery of a new class of neurotrophins belonging to the NGF families. NGF
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is the first discovered and the most studied member of a family (Figure 1) of neu-
rotrophic factors, collectively called neurotrophins.

The purification of NGF isolated, first from the submaxillary gland and more
recently obtained through the human recombinant methodologies (hrNGF), lead to
the tdentification of a wide spectrum of NGF action and to the biochemical and mol-
ecular characterization of NGF and of its target cells. These first observations have
stimulated an interest in NGF as a potential therapeutic agent for the treatment of
nerve injury and neurodegenerative discases.

More recently, molecular studies revealed that NGF codes for a much larger pre-
cursor, though the biologically active NGF contains 118 amino acids defined as 7S
NGF. The 7S complex consists of three different molecular species, the alpha sub-
mit, whose function is largely unknown, the gamma submit, endowed with protease
activity, and the beta subunit, which is biologically active NGIE. The human gene for
NGF is located on the proximal short arm of chromosome | and NGF protein is a
highly conserved molecule that shares a great homology within different species.
Two structurally unrelated receptors for the NGF family are known: A low affinity
(Kd =1 nM) to the so-called p75 NGF receptor. The second NGF binding protein is
a member of the trk family of tyrosine kinase receptors, gp 140", The receptor gp
140" has many of the properties of a high-affinity receptor class (Kd between 10
"and 107 M), and its interaction with NGF appears to be responsible for mediating
neuron survival and differeptiation.

In 1977, Rita Levi-Montalcini and Luigi Aloe published the first indication that
NGF acts on cells of non-neuronal origin. Subsequently, other investigators con-
firmed and extended this observation and provided additional evidence that other
cells of the immune system are receptive to the action of NGF. More recent studies
carried out by Levi-Montalcini’s group demonstrated that NGF is also involved in
the regulation of memory B cells and that NGF plays an equally important role in
the neuronal cell population of the CNS controlling the activation of the neuroen-
docrine axis. In the following years other studies carried out in this same Institute
showed that NGF is also involved in neuroendocrine responses, as revealed by find-
ings that the circulating and brain NGF Jevels undergoes significant changes fol-
lowing aggressive behavior and in states of emotional anxiety. These studies lead to
the hypothesis that NGIF might be implicated in homeostatic interaction and in the
pathogenesis of autoimmune inflammatory disorders. In the last ten years murine
and recombinant NGF received clinical attention from neurologists who began to
utilize NGF and other neurotrophins to stimulate recovery from neuropathies of the
central and peripheral nervous system.

The presence of large quantities of NGF in the mouse salivary gland gave the pos-
sibility not only to study the spectrum of action and the mechanisms which regulate
many important physiopathological processes in different cell types, but also to iden-
tify new target cells of NGF in the immune, and endocrine systems. NGF has been
shown to improve cognitive abilities, and to promote recovery of certain neu-
ropathies of the CNS. NGF has been administered to patients affected by Alzheimer
or Parkinson's diseases by Swedish scientists, who found clinical improvement of
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Fig. 2. - Dr L. Aloe and Prof. R. Levi-Montalcini.

the patients. More recently, human recombinant NGF was tested on peripheral dia-
betic neuropathy.

A clinical positive effect in the absence of adverse effect was recently demon-
strated by our Group demonstrating that NGF displays a marked healing action on
damaged human corneal ulcerated without causing undesired side-effects.

Levi-Montalcini may also be appreciated as a writer. She recently wrote five
books. The first, “/n Praise of Imperfection™ is a very inspiring autobiographic work
where she tells of her success, but also of the delays and distractions and potential
mistakes researchers can make and their tendency to underestimate difficulties
(Levi-Montalcini, R. In Praise of Imperfection. Basic Book, Inc. Publisher, New
York, 1988). A second one entitled “/1 tuo futuro”™ 1s dedicated to young people who
during their early lives often face the need to make vital choices (Levi-Montalcini,
R.. Il Tuo Futuro. Garzanti Editor. Milano, Italia, 1993). In the third book entitled
“Senza Olio e contro Vento™, she tells 10 true stories of well known or unknown peo-
ple, united by the courage and honesty they showed in very difficult moments of
their lives (Levi-Montalcini R. L'Asso nella Manica a Brandelli. Baldini and
Castaldi Editor, Roma, ltalia, 1996). In the most recent book “L'asso nella manica
a brandelli” she discusses the capacity and creativity of famous elderly people and
how to maintain or improve cognitive abilities in later life (Levi-Montalcini R. Senza
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Olio ¢ Contro Vente Baldini and Castaldi Editor, Roma, Italia, 1998) and more
recently, “La Galassia Mente” (Levi-Montalcini R. La Galassia Menfe. Baldini and
Castaldi Editor, Milano, Italia 1999) and “Un Universo Inquieto” (Levi-Montalcini
R. Un Universo Inquieto. Baldini and Castoldi Editor, Milano, Italia 2001). From a
scientific point of view the most important book is perhaps the “The NGF Saga”
(Levi-Meontalcini R. The Saga of the Nerve Growth Factor. World Scientific Series
in 20th century Biology, Vol 3. World Scient. Publish. Singapore 1997). This is a sci-
entific autobiographic book reporting her experience as a medical scientist during
her early postgraduate years, and subsequent and later studies leading to the NGF
discovery and more recent findings presented at the 7% International NGF
Conference in Modena.

For her scientific achievement Rita Levi-Montalcini was recently nominated
Senator in the Parlament of the [talian Republic.

RITA LEVI-MONTALCINI'S BIBLIOGRAPHY

l.  Levi-MontaLciNg R. anD Sacerpote, E. 1 caratteri e le modalith di sviluppo delle
fibre collagene reticolari nelle colture in vitro. Arch. ltal. Anar. Embricl., 40: 37-121,
1938.

Levi-MonNTaLcING R AND VisEnTING F Lesioni parziali dei centri nervosi ne}l’embrione

di polle dalla fine del 4° all’8” giorno d’incubazione. Boll. Soc. ltal. Biol. Sper. 12: 981,

1939.

3. LEvi-MoONTALCINL R. AND VISENTINI, F. Azione del curaro, della stricnina, dell’eserina.
dell’acetilcolina sulla trasmissione dell’influsso nell’embrione di pollo dal 4° all’8°
giorno d’incubazione. Boll. Soc. ftal. Biol. Sper, 12: 979, 1938.

4. VisenTing, Fo anp LEvi-MonTAaLcing R, Relazione tra differenziazione strutturale ¢ fun-

zionale dei centri e delle vie nervose nell’embrione di pollo. Arch. Svizzero di

Neurologia e Psichiatria, 43: 1-45, 1939,

Levi-MonNTALCINI, R, Origine ed evoluzieone del nucleo accessorio nel nervo abducente

nell’embrione di pollo. Acra, 6: 335-345, 1942,

6. Levi-MontaLcing R. anp Leve, G Les conséquences de la destruction d’un territoire
d’innervation peripherique sur le dévelopment des centres nerveux correspondants dans
I"embryon de Poulet. Arch. de Biologie, 53: 537-545, 1942.

7.  Levi-MontaLcing, R. anD Levi, G, Recherches quantitatives sur la marche du proces-
sus de differentiation des neurones dans les ganglions spinaux de embryon de Poulet.
Arch. de Biologie, 54: 189-206, 1943.

[

h

8. Levi-Montarcmig, R AanD Levi, G. Correlazioni nello sviluppo tra varie parti del sis-
tema nervoso. Pont. Acad. Sci., 8: 527-568, 1944,
9.  Levi-Montarcmng, R. Corrélations dans le development des différentes parties du sys-

téme nerveux. Arch. de Biologie, 56: T1-81, 1945,

10, Levi-MontaLcing, R, AND Lievi, G. Ricerche sperimentali sulla determinazione del pla-
code otico nell’embrione di pollo. Rend. Accad. Naz. Lincei, 1: 443-448. 1946.

11. Levi-Montarcini, R. Ricerche sperimentali sulla formazione dell’organo dell’udito
nell’embrione di pollo. Ricerca Scientifica ¢ Ricostruzione, 6:1-3, 1946.

12, Levi-MoNTALCINI, R, aND LEVI, G. Ricerca sperimentale sull’origine det gangli de)
glosso-faringeo e del vago nell’embrione di pollo. Rend. Accad. Naz. Lincei, 1: 1349-
1352, 1946.



2
)

[2e3
)

30.

31.

ad
(Y]

THE DISCOVERY OF NERVE GROWTH FACTOR 71

Levi-MoNTALCINI, R. AND LEvVI, G. Ricerche sperimentali sull’origine del simpatico
toraco-lombare nell’embrione di pollo. Rend. Accad. Naz. Lincei, 3: 140-144, 1947.
LEVI-MONTALCING R.AND AMPRING, R. Recerches experimentales sur origine du gan-
glion ciliaire dans I'embryon de Poulet. Arch. de Biologie, 58: 265-288, 1947.
HAMBURGER, V. aND LEvI-MoNTALCING R. Proliferation, differentiation and degenera-
tion in the spinal ganglia of the chick embryo under normal and experimental condi-
tions. J. Exp. Zool., 111: 457-501, 1949,

Levi-MonTaLciNg, R. The origin and development of the visceral system in the spinal
cord of the chick embryo. J. Marphol., 86: 253-284, 1950.

LeEvi-MonTaLciNI, R. The development of the acoustico- vestibular centers in the chick
embryo in the absence of the afferent root fibers and of descending fiber tracts. J.
Compar. Neurol., 91: 209-242, 1949,

HAMBURGER, V. aNp LEVI-MoNTALCINI, R. Some aspects of Neuroembryology. In:
WEIss (Ed.) Genetic Neurology. The University of Chicago Press, pp. 127-160, 1950.
LEVI-MONTALCING, R. aND HAMBURGER, V. Selective growth stimulating effects of
mouse sarcoma on the sensory and sympathetic nervous system of the chick embrya. J.
Exp. Zool., 116: 321, 1951.

Levi-MonTtarLcing R. Effects of mouse tumor transplantation on the nervous system. N
Y Acad. Sci., 55; 330-343, 1952.

Levi-MoNTALCINI, R, AND HAMBURGER, V. A diffusible agent of mouse sarcoma, pro-
ducing hyperplasia of sympathetic ganglia and hyperneurotization of viscera in the
chick embryo. J. Exp. Zool., 123: 233-288, 1953.

Levi-MonTtaLcing, R. In vivo and in vitro experiments on the effect of mouse sarcoma
180 and 37 on the sensory and sympathetic system of the chick embryo. Proc, XIV Int.
Congr. Zool., 309, 1953.

LEVI-MONTALCING, R.. MEYER, H. AND HAMBURGER, V. In vitro experiments on the
effects of mouse sarcomas 180 and 37 on the spinal and sympathetic ganglia of the
chick embryo. Cancer Res., 14: 49-57, 1954,

COHEN, S., LEVI-MONTALCINI, R. AND HAMBURGER, V. A nerve growth-stimulating factor
isolated from sarcomas 37 and 180. Proc. Natl. Acad. Sci. USA, 40: 1014-1018, 1954,
Levi-MonTALCINI, R, In vivo and in vitro experiments on a nerve growth-promoting
agent isolated from mouse sarcomas 180 and 37. Pubbl. Staz. Zool., 29: 1-14, 1955.
Levi-MonTaLcing R, anp Conen, S. Stimulation of nerve fiber outgrowth in vitro by a
heat-labile factor in snake venom. Anar. Rec., 125: 630-631, 1956.

LEVI-MONTALCING, R. AND CoOHEN, S. In vitro and in vivo effects of a nerve growth stimu-
lating agent isolated from snake venom. Proc. Natl. Acad. Sei. USA, 42: 695-699, 1936.
Levi-MonTaLcing, R. Some trends in research on cellular differentiation and morpho-
genesis. J. Narl, Cancer Inst., 609-641, 1956.

CoOHEN, S, AND LEVI-MONTALCINI, R. A nerve growth-stimulating factor isolated from
snake venom. Proc. Nail. Acad. Sci. USA, 42: 571-574, 1956.

Levi-MontaLciNg, R. La Biologie des Homogreffes. Collogues Internationaux du
Centre National de la Recherche Scientifique., 78: 115-126, 1957.

LEvi-MoONTALCINIG, R. Chemical stimulation of nerve growth. In: McELROY, W.D., ET AL.
(Eds.), A svmposium on the Chemical Basis of Development. The Johns Hopkins Press,
pp. 645-664, 1958.

JONES, A.W. aND LEVI-MONTALCINL, R. Patterns of differentiation of the nerve centers
and fiber tracts in the avian cerebral hemispheres. Arch. ltal. Biol., 96: 231-284, 1958.
LEVI-MONTALCINI, R. AND BOOKER, B. Destruction of the sympathetic ganglia in mam-
mals by an antiserum to a nerve growth protein. Proc. Natl, Acad. Sci. UUSA, 46: 384-
391, 1960.



34.

L
&h

36.

37.

39.

40.

41.

42.

44,

45.

46.

47.
48,

49.

L, ALOE

Levi-MoNTALCINI, R. anD BookEr, B. Excessive growth of the sympathetic ganglia
evoked by a protein isolated from mouse salivary glands. Proc. Natl. Acad. Sci. USA,
46: 373-384, 1960.

LevI-MonTaLCiNg R, anD CoHin, S, Effects of the extract of the mouse submaxillary
salivary glands on the sympathetic system of mammals. Ann. N Y Acad. Sci., 85: 324-
341, 1960.

LEVI-MoNTALCING R, AND ANGELETTI. P.U. Biological properties of a nerve growth pro-
moting protein and its antiserum, 4th Int. Newrochem. Svmp., Pergamon Press, 362-367,
1960.

Levi-MonTALCINLG R. Analysis of a specilic nerve growth factor and of its antiserum.
Sei. Repts. Ist. Sup. Sanita, 2: 345-368, 1962,

LEvI-MonTALCING R, AND ANGELETTL, P.UL Noradrenaline and monoaminoxidase con-
tent in immunosympathectomized animals. Int. . Neuwropharmacol., 1: 161-164, 1962.
LEVI-MONTALCINLG R.. ANGELETTI, P.U. AnD LEE, R.H. Glycogen content in the heart of
immunosympathectomized animals. Arch. Iral. Biol., 100: 275-286. 1962.
LEvi-MonNTALCING R, AND ANGELETTL, P.U. Consideration on a nerve growth promoting
activity of some tumors. Symposium on Biological Intervactions in Normal and
Neoplastic Growth. Litile, Brown and Co., Inc.. 223-237, 1962,

LEVI-MONTALCING R, aND ANGELETTI, PU. Growth and differentiation. Ann. Rev.
Physiol.. 24: 11-56, 1962.

Caramia, F., ANGELETTI, P.U. AND LEVI-MONTALCING, R. Experimental analysis of the
mouse submaxillary salivary gland in relationship to its nerve growth factor content.
Endocrinology, 70: 915-922, 1962,

Levi-MonNTALCING R. Growth and differentiation in the nervous system. In: ALLEN, J.M.
(Ed.).The Nature of Biological Diversity, McGraw-Hill, NY, pp. 261-295, 1963.
LEVI-MONTALCINI, R, AND ANGELETTI, P.U. Essential role of the nerve growth factor in
the survival and maintenance of dissociated sensory and sympathetic embryonic nerve
cells in vitro. Dev. Biol., 7: 653-659, 1963.

Levi-Montarcing R, Growth control of nerve cells by a protein factor and its anti-
serum. Science, 143: 105-110, 1964,

LEVI-MONTALCINIG, R, [solamento e purificazione di un fattore proteico essenziale alla
differenziazione ¢ sviluppo della cellula nervosa simpatica. Boll. Accad. Med., Roma,
1-3: 71-75, 1963-64.

Levi-MonTtaLcing R. The nerve growth factor. Ann. NY Acad. Sci., 118: 149-170, 1964.
LEVI-MONTALCINIG, R. AND ANGELETTI, P.U. Hormonal control of the NGF content in the
submaxillary salivary glands of mouse. In: Salivary Glands and their Secretions,
Pergamon Press, pp. 129-141. 1964,

ANGELETTI, P.U., GANDINI-ATTARDI, Do, TosCHI, G., SALVI, M.1. AND LEVI-MONTALCINI,
R. Metabolic aspects of the effect of nerve growth factor on sympathetic and sensory
ganglia: protein and ribonucleic acid synthesis. Biochem. Biophys. Acta, 95: 111-120),
1965.

GANDINI-ATTARDE, Do, Levi-MoniaLcing R WENGER, B.S. AND ANGeLerTl, P.U.
Submaxillary gland of mouse: effects of a fraction on tissues of mesodermal origin in
vitro. Science, 150: 1307-1309, 1965.

HAMBERGER, B., LEVI-MONTALCINI, R., NORBERG. KLAL AND S10QVIST, F. Monoamines
in immunosympathectomized rats. fnr. /. Neuropharmacol., 4: 91-95, 1965.
LeEvi-MonTALCINGL R. Morphological and metabolic effects of the nerve growth factor.
Arch. Biol., 76: 387-417, 1965.

Levi-MonTaLCINI, R. Growth regulation of sympathetic nerve cells. Arch. ltal. Biol..
103: §32-846, 1965.



57.

60.

6l.

62.

64.

65.

606.

67.

68.

69.

70.

71.

73.

74.

THE DISCOVERY OF NERVE GROWTH FACTOR 73

LEvi-MonTAaLCINL R, The nerve growth factor: its mode of action on sensory and sym-
pathetic nerve cells. The Harvey Lectures, Acad. Press, 217-259, 1965.
Levi-MoNTaLCING R, Biological aspects of specific growth promoting factors. Proc.
Roval Soc. Med., 58: 357-360), 1965,

LEVI-MONTALCING, R. AND ANGELETTL, P.U. The action of nerve growth factor on senso-
ry and sympathetic cells. In: DEHaaN, R.L. aNp URsPRUNG, H. (Eds.). Organogenesis.
Holt, Rinehart, Winston, pp. 187-198, 1965.

Levi-MoNTALCING R., TENTORI, L., VivaLpl, G., ANGELETTL, P.U. AND MARINI-BETTOLO,
G.B. Composizione in amino acidi del fattore di crescita del sistema nervoso (NGF).
Gazzetta Chim. Iral.. 95: 333-337, 1965.

Livzzi, A., ANGELETTE, P.U. anD LEVi-MONTALCINL. R. Metabolic effects of a specific
nerve growth factor (NGF) on sensory and sympathetic ganglia: enhancement of lipid
biosynthesis. J. Neurochem., 12: 705-708. 1965.

LEvI-MoONTALCINI, R. Immunosympathectomy. In: Molecular Basis of Some Aspects of
Mental Activiry, Acad. Press, 1, 105-111 1966.

LEvVI-MONTALCINI, R. Problems and perspectives in Neurobiology: A brief survey of old
and new concepts. Arch. Zool. tal., 51: 629-666, 1966,

LEVI-MONTALCINI, R. AND ANGELETTI, P.U. Immunosympathectomy. Pharmacol. Rev.,
18: 619-629, 1966.

Livzzi, AL ANGELETTI, P.U., LEVi-MoONTALCINI, R. AND TaCCHINL, G. Glucose oxidation
in the heart and diaphragm of immunosympathectomized animals. Il Farmaco, 3: 191-
195, 1966.

SABATINL, M.T., LEVI-MONTALCINI, R. AND ANGELETTI, P.U. Effetti precoci del siero anti-
Nerve Growth Factor (anti-NGF) sulla cellula nervosa. Ann. Ist. Sup. Sanita, 2:3 49-
355, 1966.

Toscul, G., Dorg, E., AnNGELETTI, P.U., LEVI-MonTaLCINI, R. ann DeEHaen, C.
Characteristics of labelled RNA from spinal ganglia of chick embryo and the action of
a specific growth factor (NGF). J. Neurochem., 13: 539-544, 1966.

ANGELETTL, P.U., CaLIssaNno, P.. CHEN, 1.S. AND LeEvi-MonTaLcING R, Multiple molec-
ular forms of the nerve growth factor. Biochim. Biophys. Acta, 147: 180-182, 1967.
Levi-MonTtaLcing R, Differentiation and growth control mechanisms in the nervous
systems. Exp. Biol. Med., 1: 170-182, 1967.

Levi-MonTALCING R. Immunosympathectomy. Giornale Acead. Med. Torino, 7-12: 1-
16, 1968.

Levi-MoONTALCINL, R. The Nerve Growth Factor. In: Molecular Basis of Some Aspects
of Mental Acrivity, 1: 385-388, 1968.

Levi-MoONTALCINIG, R AND ANGELETTL, P.U. Nerve Growth Factor, Physiol. Rev., 48: 534-
569, 1968.

LEvI-MONTALCINI, R. AND ANGELETTI, P.U. Biological aspects of the nerve growth fac-
tor. In; WoLsTENHOLME., G.E. AND O"ConNNOR. M. (Eds.), Ciba Found. Svimp. on Growth
of the Nervous Systen..p. 126, 1968,

Levi-MoONTALCINI, R., CARAMIA, F., LUSE, S.A. AND ANGELETTL. P.U. In vitro effects of
the nerve growth factor on the fine structure of the sensory nerve cells. Brain Res., 8:
347-362, 1968.

ZANINI, AL, ANGELETTI, P.UL AND LEVI-MONTALCINL, R. Immunochemical properties of
the nerve growth factor. Proc. Natl. Acad. Sci. USA, 61: 835-842, 1968.

CHEN, J.H. anD LEVI-MONTALCINI, R. Axonal outgrowth and cell migration in vitro from
nervous system of cockroach embryos. Science, 166: 631-632, 1969.
Levi-MonTaLCing, R, Fattori specifici di accrescimento. Annuario della Enciclopedia
della Scienza e della Tecnica, 301-312, 1969,



74

70.

T

78.

79.

30).

31.

83.

84.

86.

87.

88.

89.

90,

91.

93.

L. ALOE

LEVI-MONTALCING R., CaRAMIA, F. AND ANGELETTIL, P.U. Alterations in the fine structure
of nucleoli in sympathetic neurons following NGF-antiserum treatment. Brain Res., 12:
54-73, 1969.

LEVI-MONTALCINI, R. AND CHEN, J.S. In vitro studies of the insect embryonic nervous
system. Svinp. of the Int. Society for Cell Biology, Acad. Press, 8: 277-298, 1969.
ANGELETTL, P.U. AND LEVI-MONTALCING R. Cytolytic effect of 6-hydroxydopamine on
neurcoblastoma cells. Cancer Res., 30: 2863-2869, 1970.

ANGELETTI, P.U. AnD LEVI-MoNTALCINIL, R. Specific cytotoxic effect of 6-hydroxy-
dopamine on sympathetic neuroblasts. Arch. [tal. Biol., 108: 213-221, 1970.
ANGELETTI, P.U. AND LEVI-MONTALCINI, R. Sympathetic nerve cell destruction in new-
born mammals hy 6-hydroxydopamine. Proc. Natl. Acad. Sci. USA, 65: 114-121,
1970.

CHEN, 1.5, AND LEvI-MONTALCINI, R, Axonal growth from insect neurons in glia-free
cultures. Proc. Natl. Acad. Sci. USA, 66: 32-39, 1970).

CHEN, 1.S. AND LEVI-MONTALCING R. Long term cultures of dissociated nerve cells from
the embryonic nervous system of the cockroach periplaneta americana. Arch. lial. Biol.,
108: 503-537, 1970.

Levi-MonNTaLciNg R, Meccanismi di controllo del sistema nervoso simpatico.
Adunanze straordinarie per il conferimento dei premi A, Felrrinelli, 1: 137-150, 1970.
Levi-MonNTtaLcing, R, AND ANGELETTI, P.U. Action of nerve growth factor on synthesis
of neurofilaments and neurotubules in the target nerve cells. Proc. Natl. Acad. Sci.USA,
67. 1970.

ANGELETTI, P.U. AND LEvI-MONTALCINI, R. Growth regulation of the sympathetic ner-
vous system: immunosympathectomy and chemical sympathectomy. Fur: J. Clin. Biol.
Res., 16: 866-874, 1971,

ANGELETTL, P.U., LEVI-MonTALCINI, R. AND CarAMIA, F. Ultrastructural changes in
sympathetic neurons of newborn and adult mice treated with nerve growth factor. J.
Ultrastr. Res., 36: 24-36, 1971.

ANGELETTI, PU., LEvi-MONTALCINI, R. AND CarRAMIA, F. Analysis of the effects of the
antiserum to the nerve growth factor in adult mice. Brain Res.. 27: 343-355, 197 1.
Levi-MontaLcing R, Control mechanisms in the sympathetic nervous system. In:
PAOLETTI, R. aND Davison, AN. (Eds.), Chemistiy and Brain Development, pp. 185-
194, 1971.

LEVI-MONTALCINIG R, In vitro analysis of the insect nervous system. Boll. Zool., 38: 385-
398, 19¢1.

LEVI-MonTALCING R.AnND ANGeLeTT, P.UL Ultrastructure and metabolic studies on sen-
sory and sympathetic nerve cells treated with the nerve growth factor and its antiserum.
In: HAMBURGH, M. AND BARRINGTON. EJ.W. (Eds.), Hormones in Development,
Appleton Century Crofts Publ., pp. 719-730. 1971.

Levi-MonTaLcing R. anp CHEN, J.S. Selective outgrowth of nerve fibers in vitro from
embryonic ganglia of periplaneta americana. Arch. ftal. Biol., 109: 307-337, 1971.
SESHAN, K. R. AND LEVI-MoNTALCING R. In vitro analysis of corpora cardiaca and cor-
pora allata from nymphal and adult specimens of periplaneta americana. Arch. [fral.
Biol., 109: 81-109. 1971,

THOENEN, H., ANGELETTL, P.U., LEVI-MONTALCINI, R. AND KETTLER, R. Selective induc-
tion by nerve growth factor of tyrosine hydroxylase and dopamine-b-hydroxylase in the
rat superior cervical ganglia. Proc. Natl. Acad. Sci. USA, 68: 1598-1602, 1971.

Avror, L. anp LEvi-MoNTALCING R. In vitro analysis of the frontal and ingluvial ganglia
from nymphal specimens of the cockroach periplaneta americana. Brain Res., 44: 147-
163, 1972,



97.

98.

99.

100.

101.

102,

103.

104.

105.
106.

107,

108.

109.

110.

111.

112,

THE DISCOVERY OF NERVE GROWTH FACTOR 75

ALOE, L. AND LEVI-MONTALCINI, R. Interrelation and dynamic activity of visceral mus-
cle and nerve cells from insect embryos in long-term cultures. J. Newrobiol., 3: 3-23,
1972.

ANGELETTI, R.H., ANGELETTI, P.U. AND LEVI-MONTALCINI, R. Selective accumulation of
12T labelled nerve growth factor in sympathetic ganglia. Brain Res., 46: 421-425, 1972,
ANGELETTI. P.U. AND LEVI-MONTALCINI, R. Growth inhibition of sympathetic cells by
some adrenergic blocking agents. Proc. Nail. Acad. Sci. USA, 69: 86-88, 1972.
ANGELETTL, PU., LEVI-MONTALCINI, R. AND Caramia, F. Structural and ultrastructural
changes in developing sympathetic ganglia induced by guancthidine. Brain Res., 43:
515-525, 1972.

ANGELETTI, P.U., LEVI-MONTALCINI, R., KETTLER, R. AND THOENEN, H. Comparative
studies on the effect of the nerve growth factor on sympathetic ganglia and adrenal
medulla in newborn rats. Brain Res., 44: 197-206, 1972.

ANGELETTI, P.U., LEVI-MONTALCINI, R. anD VIGNETI, E. Localization of the nerve
growth factor in subcellular fractions of peripheral tissues. In: Zaims, E. AND J. KNIGHT,
1. (Eds.). Nerve Growth Factor and its Antiserum, pp. 41-45, 1972,

CAarRAMIA, F., ANGELETTI, P.U., LEVI-MONTALCINI, R, AND CARRATELLI, L. Mitochondrial
lesions of developing sympathetic neurons induced by bretylium tosylate. Brain Res.,
40: 237-246, 1972,

Levi-MontaLcing R, The morphological effects of immunosympathectomy. In:
STEINER, G. AND ScHonBaUM, E. (Eds.), Inununosvimpathectomy. Elsevier Publ. Co.,
Amsterdam, 1972,

Levi-MonTALCINL, R, AND ALOL, L. Neuronal nets and nerve cell interactions in vitro in
insect systems. fnn Virro, 8: 178, 1972,

Levi-MontaLcing, R. AND ANGELETTI, P.U. Nerve growth factor: Evaluation and per-
spectives. In: Zams, E. aND KNIGHTS, 1. (Eds.), Nerve Growth Factor and its Antiserum.
pp. 46-58, 1972.

ANGELETTL, R.H., ANGELETTI, P.U. aND LEVI-MoNTALCINI, R. The nerve growth factor.
In: Losur, J. ANp GorponN, A.S. (Eds.). Humoral Comtrol of Growth and
Differentiation. Academic Press, NY, pp. 229-247, 1973.

LEvi-MonTALCING R, Der nervenwachstums-faktor. Umschau, 73: 22, 1973.
Levi-MonTtarLcing R. Excessive glial cell proliferation in sympathetic rat ganglia by
combined nerve growth factor (NGF) and 6-hydroxydopamine (6-OHDA) treatment.
Soc. Neurosel. Third Annual Meeting USA, 1973,

Levi-MoNTALCINI, R., ALOE, L. aAND JoHnsoN, E.M. Interaction between the nerve
growth factor (NGF) and adrenergic blocking agents in sympathetic neurons. Im:
Frontiers in Catecholamnine Research. Pergamon Press, pp. 267-276, 1973.
Levi-MonTtaLcing, R., CHEN, J.S., SeEsHAN, K.R. AND ALOE, L. An in vitro approach to
the insect nervous system. In: D. Young, D. (Ed.). Developmental Neurobiology of
Arthropods. pp. 5-36, 1973,

Levi-MonTaLCING R, AND Sesuan, KUR. Long-term cultures of embryonic and mature
insect nervous and neuroendocrine systems. In: Sato, G. (Ed.), Tissue Culture of the
Nervous Systen. Plenum Press, pp. 1-33, 1973.

SEsHAN, K.R. AND LEVI-MONTALCINI, R. Neuronal properties of nymphal and adult
insect neurosecretory cells in vitro. Science, 182: 291-293, 1973.

LEVI-MONTALCING, R., REVOLTELLA, R. AND Cavissano, P, Microtubule proteins in the
nerve growth factor mediated response. Rec. Prog. Horm. Res., 38: 635-669, 1974.
Levi-MonTtaLcini, R. Control mechanisms of the adrenergic neuron. In: Fuxe, K.,
OLsoN, L. AND ZOTTERMAN, Y. (Eds.)., Dvnamics of Degencration and Growth in
Neurons. p. 297, 1974.



76

113

114

116.

117.
118.

119.

124,

129.

130).

132.

133

L. ALOE

SesHAN, K.R.. ProvINE. R.R. AND LEVI-MONTALCING, R. Structural and electrophysio-

logical properties of nymphal and adult insect medial neurosecretory cells: an in vitro

analysis. Brain Res., 78: 359-376, 1974,

LEVI-MONTALCING R., ALOE, L., MuGNaInt, E.. OescH, F. AND THOENEN, H. Nerve

growth factor induces volume increase and enhances tyrosine hydroxylase synthesis in

chemically axotomized sympathetic ganglia of newborn rats. Proc. Natl. Acad. Sci.

USA, 72 595-599, 1975.

. LEvi-MonNTALCINI, R. Regulatory processes in the sympathetic adrenergic neuron. In:

Santini (Ed.), Proc. Golgi Centennial Symposium, Raven Press, p. 437, 1975.

Levi-MonTaLcing R NGF: an unchartered route. The Newroscience, Paths of

Discovery, MIT press, pp. 245-265, 19735,

Levi-MonTaLcing, R. Nerve growth factor. Science, 187: 113, 1975,

CaLissano, P, LEvi, AL ALEMA, S. AaND LEVI-MONTALCINL R. Studies on the interaction

of the nerve growth factor with tubulin and actin. In: HELMEYER, L. AND WiIELAND, T.

(Eds.), 26 Colloquium Mosbach, Molecular Basis of Motility, 186-20] 1975.

ALOE, L., MuGNAINI. E. AND LEVI-MONTALCINI, R. Light and electron microscopic stud-

ies on the excessive growth of svmpathetic ganglia in rats injected daily from birth with

6-OHDA and NGF. Arch. Ital. Biol., 113: 326-353, 1975.

. LEvi-MonNTALCINL, R. New developments in neurobiological research. Pont. Acad. Sci.,
3: 1-24, 1976.

. LeEvi-MonTaLciNg, R, Milestones, unanswered questions and current studies on nerve

growth factor. Proc. 6th Int. Congress Pharmacol., 2: 221-230, 1976.

2. LEVI-MoNTALCINIG, R. The nerve growth factor: its widening role and place in neurobi-

ology. Adv. Biochem. Psychopharmacol., 15: 237, 1976.
. Levi-MonTaLCing R. The nerve growth factor: its role in growth, differentiation and
function of the sympathetic adrenergic neuron. In: CorNer, M.A. AND Swaai, D.F
(Eds.), Perspectives in Brain Research. 1976.
Cavrissano, P, Monaco, G., LEvi, A., MENESINI CHEN, L.S. AND LEVI-MONTALCINI, R.
New developments in the study of NGF-tubulin interaction. In: Contractile Svstermn Non
Muscle Cells, Elsevier/N.Holland, pp. 201-211, 1976.
. ALOE, L. AND LEVI-MoNTALCINGL, R. Mast cells increase in tissues of neonatal rats inject-
ed with the nerve growth tactor. Brain Res.. 133: 358-366, 1977.
Liuzzi, A.. ForreN, F.H., SAAVEDRA, J.M.. Levi-MonNTaLCINI, R. anp Korin, 1), Gas
chromatographic-mass spectrometric assay of serotonin in rat superior cervical ganglia.
Effects of nerve growth factor and 6-hydroxydopamine. Brain Res., 133: 354-357,
1977.
. LEVI-MONTALCING R, MENESINL M.G. aND CHEN, 1.S. Neurotropic effects of the nerve
growth factor in chick embryos and in neonatal rodents.Zogn., 201-212, 1978.
. MENEsING, M.G., ChHEN, 1.S. aND Levi-MonTaLCINI, R. Sympathetic nerve fiber
ingrowth in the central nervous system of neonatal rodents upon intracerebral NGF
injections. Arch. Ital. Biol., 116: 53-84, 1978.
Levi-MoNTALCINL R. The sympathetic nerve cell as a model system of nerve cell growth
and differentiation. fnt. Syvmp. Neuroblastoma. Gaslini, 11: 109, 1979,
ALor, L. anp Levi-Montaremi, R, Nerve growth factor-induced transformation of
immature chromaffin cells in vivo into sympathetic neurons: effects of antiserum to
nerve growth factor. Proc. Natl. Acad. Sci. USA, 76: 1246-1250. 1979,
. ALOE, L. aNp LEVI-MoONTALCINI, R. Nerve growth factor induced overgrowth of axo-
tomized superior cervical ganglia jn neonatal rats, Arch. ltal. Biol., 117: 287-307. 1979.
CALISSAND, P. AND LEVI-MonNTALCING R Is NGF and enzyme? Nature, 280: 359, 1979,
. LEVI-MONTALCING, R AND Carlssano, P The nerve growth factor. This protein plays a



144.

146.

147.

1485,

149,

150.

I51.

THE DISCOVERY OF NERVE GROWTH FACTOR 77

key role in the formation of the nervous system. It has also been employed as an
“Ariadne’s thread” to explore mechanisms of nerve-cell growth and differentiation. Sci.
Am., 240: 63-77. 1979.

. Levi-MontaLcing, R. Trophic, tropic and transforming eifects of the nerve growth fac-

tor on its target cells. Acad. Roy. Med. Belgique, 134: 217-227, 1979.

. LEvi-MonNTAaLCINI, R, Recent studies on the NGF-target cells interaction.

Differentiation, 13: 51-53, 1979.

. LEvI-MoONTALCINI, R. Neurogenesi. In: Enciclopedia del Novecento. 4: 637-661, 1979.
. ALOE, L. AND LEVI-MONTALCINL, R. Comparative studies on testosterone and L-thyrox-

ine effects on the synthesis of nerve growth factor in mouse submaxillary salivary
glands. Exp. Cell Res., 125: 15-22, 1980.

. LEvi-MonTaLcing R. Nerve cells. neurotransmitters and behaviour. Pont. Acad. Sci., 1-

10, 1980.

. Levi-MontaLcing, R, ALoe, L., MeNesiNG MG, anp CHeN, 1.S. New features of the

nerve growth lactor-target cells interaction. Pont. Accad. Sci., 11-41. 1980.

. ALOE., L. aND LEVI-MONTALCINI, R. Enhanced differentiation of sexually dimorphic

organs in L-thyroxine treated Tfm mice. Celf Tiss. Res., 205: 19-29, 1980.

. LEvi-MonTALCING R. Polydipsia after intracranial injections, a property of NGF or a

contaminant? Natire, 284: 577, 1980.

. LEvi-MoNTaLcing, R. AaND ALok, L. Tropic, trophic and transforming effects of nerve

growth factor. In: Histochemistry and Cell Biology of Autonomic Neurons, SIF cells and
Paraneurons, 25: 3-15, 1980.

3. ALoE, L. anp Levi-MontaLcing, R, Comparative studies on the effects elicited by pre-

and postnatal injections of anti-NGF, guanethidine and 6-hydroxydopamine in chro-
maffin and ganglion cells of the adrenal medulla and carotid body in infant rats. In:
Histochemistry and Cell Biology of Autonomic Neurons. SIF cells and Paraneurons, 25:
221-226, 1980.

Levi-MontaLcmng, R., ALog, L., MENESINI-CHEN, M.G. AND CHEN, .S, Effects of the
nerve growth tactor on a new cell line: the chromaffin cell. In: DIBENEDETTA, C. ET AL.
(Eds.), Multidisciplinary Approach 1o Brain Development, Elsevier/N.Holland
Biomedical Press, pp. 467-479, 1980.

5. LEvI-MoONTALCINL, R. AND ALOE, L. Synthesis and release of the nerve growth factor

from the mouse submaxillary salivary glands: Hormonal and neuronal regulatory mech-
anisms. Horm. and Cell Reg., 5: 53, 1981.

ALoE, L., Cozzarl, C. aND LEvi-MoONTALCINI, R, The submaxillary salivary glands of
the African rodent Praomys (mastomys) natalensis as the richest available source of the
nerve growth factor. Exp. Cell Res., 133: 475-480, 1981.

ALOE, L., Cozzari, C., CALISSANO, P. AND LEvI-MonTaLCING, R, Somatic and behav-
ioural postnatal effects of fetal injections of nerve growth factor antibodies in the rat.
Nature, 291: 413-415, 1981.

ALOE, L., CanLissano, P anp Levi-MontaLcing, R. Effects of oral administration of
nerve growth factor and of its antiserum on sympathetic ganglia of neonatal mice. Dev.
Brain Res., 4: 31-34, 1982.

LEVI-MONTALCINL, R. Developmental neurobiology and the natural history of nerve
growth factor. Annu. Rev. Neuwrosci.. 5: 341-362_ 1982,

LEVI-MONTALCINI, R. AND ALOE, L. The effect of nerve growth factor on autonomic gan-
glion cells. In: ELFVIN, L. (Ed.), Autonomic Ganglia. J. Wiley and Sons, Chichester, NY,
pp. 401-426, 1983,

Livi-MonNTaLCING, R, The nerve growth factor target cells interaction: a model system
for the study of directed axonal growth and regeneration. Birth Defects, 19: 3-22, 1983.



159.

160.

161.

162.

163.

164.
165.
166.

167.

168.

169.

170.

171.

L. ALOE

. CavLissano, P. Cartango, A., Bilocca, S.. ALoE, L.. MErcanTi, D. AND LEVI-

MontaLCINL R, The nerve growth factor. Established findings and controversial
aspects. Exp. Cell Res., 154: 1-9, 1984,

. CALISSANO, P.. CATTANEO, A., ALOE, L. AND LEVI-MONTALCINI, R. The nerve growth fac-

tor (NGF). In: L1, C.H. (Ed.), Hormonal Proteins and Peptides. Academic Press, 12: |-
56, 1984.

. Luvi-MonNTALCINIG R. Nerve growth factor activation of differentiation programs in neu-

ronal and non-neuronal cell lines from amphibians to mammals. Abs(..5th Int. Meet. /nr.
Soc. Dev. Neurosci., 24-28, 1984.

5. LEvI-MoNTALCINI, R. Principi evolutivi del sistema nervoso. Atti dei Convegni, Accad.

Naz. dei Lincel, 9-11, 1984,

. ALOE, L., Cozzarl, C. aNp LEvi-MonTaLCINI, R. Cyclocytidine-induced release of

nerve growth factor from mouse submandibular glands enhances regeneration of sym-
pathetic fibers in adult mice. Brain Res., 332: 259-265, 1985.

. LevI-MonTaLciN, R. aND ALok, L. Differentiating effects of murine nerve growth fac-

tor in the peripheral and central nervous systems of Xenopus laevis tadpoles. Proc. Nail.
Acad. Sci. USA, 82: 7111-7115. 1985.

LEvi-MoONTALCING, R. aND ALOE, L. The nerve growth factor: thirty-three years later.
Pont. Acad. Sci.. 217-239, 1985.

LEvi-MonTALCINI, R. Creativita scientifica e artistica. Atti del Convegno Psicologia e
Creativita. Selezione dal Reader's Digest, T3-85. 1985.

ALOE, L., ALLEVA, E., BOHN, A, AND LEVI-MONTALCINI, R. Aggressive behavior induces
release of nerve growth factor from mouse salivary gland. Proc. Natl. Acad. Sci. USA,
83: 6185-6187, 1986.

LEVI-MONTALCINI, R. AND CaLISSANO, P. The nerve growth factor as a paradigm for
other polypeptide growth tactors. Trends Newrosci., 8: 473-477, 1986.
Levi-MonTtaLciNg, R. The nerve growth factor 35 years later. (Nobel Lecture) Science.
237: 1154-1162, 1987.

LEvI-MONTALCINI, R. AND CALIssaNO. P. Nerve Growth Factor. In: ApELMAN, G. (Ed.),
Enevclopedia of Neuroscience, Yol. 2, Birkhauser, pp. 744-746. 1987.
LEVI-MONTALCINL, R. Elogio dell Imperfezione. 1987.

Levi-MontaLem, R. In Praise of Imperfection. Basic Books, Inc., 1988.
Levi-MonTaLciNg, R, Luigi Gorini: As I knew and remember him. In: Gene Expression
and Regulation: The Legacy of Luigi Gorini, Elsevier Science Publ. Amsterdam, pp. 3-
11, 1988.

Levi-MontaLcing R. Forward to Advances in Growtlt Hormone and Growth Factor
Research. In: MuLLer, E.E. Coccur, D. Locareril, V.o (Eds). Pythagora Press.
Springer-Verlag.

SPILLANTINI, M.G., ALOE,L., ALLEVA, E., DE SiMONE, R., GOEDERT, M. AND LEVI-
MoNTALCINI, R. Nerve growth factor mRNA and protein increase in hypothalamus in a
mouse model of aggression. Proc. Natl. Acad. Sci. UUSA, 86: 8555-8559, 1989.
Levi-MonTaLCiNG, R, The nerve growth factor: an ever-broadening field in neuro-
sciences. In: RusH, R.A. (Ed.), Forward to IBRO Handbook Series: Methods in the
Neurosciences, “Nerve Growth Factors”. John Wiley & Sons Limited. 1989.
LEVI-MONTALCINI, R. AND ALOE, L. Culture medium and technique for long-term cul-
tures of the nervous system and dissociated nerve cells of insects (Periplaneta ameri-
cana): Evidence for specific growth factors? In: SHAHAR, A. ET AL. (Eds.), A Dissection
and Tissue Culture Manual of the Nervous System. Alan R. Liss, Inc.., pp. 215-218,1989.
LEVI-MONTALCINI, R, AND ALOE, L. Silver impregnation method for insect brain, gan-
glia, dissociated nerve cells in vitro and for the amphibian nervous system. In: SHAHAR,



172,

173.

174.

176.

| Ll

178.

179.

180.

181.

182.

183.

184.
185.

186.

187.

188.

189.

THE DISCOVERY OF NERVE GROWTH FACTOR 79

A. ET AL. (Eds.), A Dissection and Tissue Culture Manual of the Nervous Svstem. Alan
R. Liss, Inc., pp. 280-282, 1989,

LEVI-MONTALCINI, R, AND ALOE, L. In vitro bicassay of the nerve growth factor. In:
SHAHAR, A. ET AL. (Eds.), A Dissection and Tissue Cultiure Manual of the Nervous
System. Alan R. Liss. Inc., pp. 313-316, 1989.

LEVI-MONTALCINL, R. Ontogenesis of neuronal nets: The chemoaffinity theory, 1963-
1983. In: TrREVARTHEN. C. (Ed.), Brain Circuits and Functions of the Mind, Essays in
honor of R-W. Sperry. Cambridge University Press, pp. 3-18, 1990.

LEvi-MONTALCING, R., ALOE, L. AND ALLEVA, E. A role for nerve growth factor in ner-
vous, endocrine and immune systems. Prog. Neuroendocrinimmunol.. 3: 1-10, 1990,

5. ALOE, L. aND LeEvI-MoONTALCINI, R. Effect of early postnatal cocaine injection on brain

cholinergic neurons. In: Cocaine Todav: Ity effects on the individual and society. Int.
Symp. Stop Droga, UNICRI, 1991.

ALOE, L., Tuverl, M.A., Carcassi, U, AND LEVI-MONTALCINI, R. Nerve growth factor
in the synovial fluid of patients with chronic arthritis. Arthritis & Rhewmatism, 35: 351-
355, 1992.

Braccl-LAUDIERO, L., ALOE, L., LEVI-MONTALCINI, R., BUTTINELLI, C., SCHILTER, D.,
GILLESSEN, 5. anp OTTEN. U. Multiple Schlerosis patients express increased levels of b-
nerve growth factor in cerebrospinal fluid. Neurosci. Lert., 147: 9-12, 1992,
LEvI-MoNTALCINI, R. Frontiers in Neurobiology. In: Shea, W.R. and Spadafora, A.
(Eds.). Interpreting the World - Science and Sociery. Published by Science History
Publ., 1992.

Levi-MontaLcing R. Il fattore di crescita neuronale nelle reti omeostatiche dell’ organ-
ismo. Reti, Scienza, Economia. Biologica, 6: 9-13, 1993,

ALOE, L., LEON, A., LEVI-MONTALCINL, R. A proposed autacoid mechanism controlling
mastocyte behavior. Agents Actions, 39: 145-147, 1993,

ALOE, L., PROBERT, L., KovLLiAs, G., BRACCI-LAUDIERO, L., SPILLANTINI, M.G. AND LEVI-
MonTALCINI, R. The synovium of transgenic arthritic mice expressing human tumor
necrosis factor contains a high level of nerve growth factor. Growrh Factors, 9: 149-155,
1993,

Luept, P.. LEVI-MONTALCINI, R., BrACCI-LAUDIERQ. L., BERTOLINI, A.. ARLETTI, R.,
TAVERNARI, D., VIGNETI, E. AND ALOE, L. NGF is released into plasma during human
prengancy: an oxytocin-mediated response? NewroReport, 4: 1063-1065. 1993,
LEVI-MONTALCINI, R. Percorsi Compiuti. Special Limited Edition, published by
Fondazione Schlesinger, 1993.

LEVI-MONTALCINI, R. ] tio Futwro. Garzanti Editore S.p.A., 1993,

ALOE, L., ViGNETH, E., CavaLierl, R, DipoNa, B., Braccl LAUDIERO, L., MAZZANTI,
C., Para, G., STas1, RO AND LEVI-MONTALCINI, R. Presence of nerve growth factor and
NGF-receptors in human Schwannoma cells. Clin. Chem. Enzym. Comms., 5: 309-
313, 1993.

Braccl, L., ALok, L., LEvi-MonTALCINI, R., GALEAZZzI, M., SCHILTER, D.. ScuLLy, J.L.
AND OTTEN, U. Increased levels of NGF in sera of systemic lupus erythematosus
patients. NewroReport, 4. 563-365, 1993,

LEON, A., BURIANI, A.. DAL Toso, R., FaBris, M., ROMANELLO, S., ALOE, L. AND LEVI-
MonTtaLcing R, Mast cells synthesize, store, and release nerve growth factor. Proc.
Natl. Acad. Sci. USA, 91: 3739-3743, 1994,

ALOE, L., SKAPER, S.D., LEON, A. AND LEVI-MONTALCINI, R, Nerve growth factor and
autoimmune diseases. Autoinnnunity, 19: 141-150, 1994,

Levi-MonTaLCING R., DAL Toso, R., bELLA VALLE, E., SKAPER, S.D. AND LEON, A.
Update of the NGF Saga. J. Neurol. Sci.. 130: 119-127, 1995,



80 L. ALOE

190. Levi-MonNTALCINI, R. Personal foreword to special issue. Cell Biol. Inrernational, 9:
355, 1995.

191. LEVi-MONTALCINI, R., SKAPER, S.D., ALOE, L. AND LEON, A. Nerve Growth Factor. In:
Encyclopedia of Neurosciencey. Elsevier Science publ., Amsterdam, 1999

192. Garacl, E, CAROLEO, MC, ALOE, L, AQUARO, S, PIACENTINL, M, COSTA, N, AMENDOLA,
A, MICERA, A, CaLio PErNO, CF, LEvI-MONTALCING, R. Nerve Growth Factor is an
autocrine factor essential for the survival of macrophages infected with HIV. Proc Nat
Acad Sci USA, 96: 14013-14018, 1999,

193. Levi-MonTaLcING, R, From Turin to Stockholm via St. Louis and Rio de Janeiro.
Science, 287: 809, 2000.

194, Levi-MoNTaLCING R. From a home-made laboratory to the Nobel Prize: an interview
with Rita Levi Montalcini. Int. J. Dev. Biol.. 44: 536-6, 2000.

195. CavrzA, L, GIARDINO, L. GIULIANI, A, ALOE, L, LEvi-MoNTALCINI, R. Nerve Growth
Factor control of neuronal expression of angiogenetic and vasoactive factors. Proc.
Natl. Acad. Sci. USA, 27: 4160-3, 2001.



THE DISCOVERY OF NERVE GROWTH FACTOR 81

RITA LEVI-MONTALCINI'S SCIENTIFIC ACHIEVEMENTS AND

1936.

1936-38.
1944-45.
1945-47.
1947-56.
1956-58.
1958-77.

1961-69.

1962.

1963.
1963,

1964.
1965.

1965.
1966,
1966.

1966.
1968.
1969.

1970.

1970,
1971.
1971.
1972,
1974,

1974,
1975.
1976.

1977.
1978.
1978.
1979.

MEMBERSHIPS

Degree in Medicine, Summa cum Laude, University of Turin.

Assistant, Clinic of Neurobiology and Psychiatry, University of Turin.

Aids [talian refugees as Volunteer Physician with Allied Forces in Florence.
Assistant Professor of Anatomy. University of Turin.

Research Associate, Institute of Zoology, Washington University, St. Louis,
Missouri, USA.

Associate Professor, Institute of Zoology, Washington University, St. Louis,
Missouri, USA.

Professor of Neurobiology, Institute of Biology, Washington University, St.
Louis, Missouri. USA.

Director of the Neurobiology Research Center, National Research Council
(CNR), Rome, Italy.

Max Weinstein Award from the Cerebral Palsy Foundation for “outstanding
scientific contribution™ in the field of neurology, USA.

Elected member of the scientific society Sigma Xi and Phy-Beta-Kappa.
Nominated gne of the ten most “outstanding women scientists” in the United
States.

The Gateway Arch Award, from the city of St. Louis, for scientific merit.
Elected member of the Harvey Society, and invited to deliver a Harvey Lecture
in New York.

Gold Medal from the Lombard-Milan Medical Academy.

Appointment by the Cultural Academy of Rome.

Claude Bernard Medal and invitation to conduct a series of conferences as
“Claude Bernard Professor™ at the Institute of Experimental Medicine in
Montreal, Canada.

Elected member of the American Academy of Arts and Sciences, USA.
Elected member of the National Academy of Sciences, USA.

“Feltrinelli™ International Prize in Medicine. Award money donated to create
the Giuseppe Levi Foundation, through the National Academy “dei Lincei”.
Foundation offers scholarships to young and deserving students from Calabria
(southern Italy).

The Golden Plate Award, {rom the American Academy of Achievement, Dallas,
Texas, USA.

“Ibico-Reggino” Award in Biological Sciences, Reggio Calabria, ltaly.
Silver Cup from Washington University for scientific and didactic merit.
Elected member of the Alpha-Omega-Alpha Medical Society, USA.
“Ambrogino d"Oro™ Award, Milan, Italy.

William Thompson Wakeman Award for Basic Neuroscience Research toward
a cure for paraplegia, Washington D.C..

Elected member of the Pontifical Academy.

“Vittoria Alata™ Award. Brescia. Italy.

National Academy “dei Lincei”. Elected foreign member of the Class of
Physical, Muathematical and Natural Sciences, Italy.

Laurea ad Honorem, University of Uppsala, Sweden.

Nominated Fogarty Scholar, Washington D.C..

Laurea ad Honorem, Weizmann Institute, Rehovot, Israel.

Elected foreign member of the Royal Academy of Medicine. Belgium.



82

1979,
1979,
1979-89.

19380.

1980.
1980.

1980,
1981.
1981.

1982.

1982.
1982.

1983.
1983.
1983.
1983.

1984.
1985.
1985,
1985.
1986.
1986.

1986.

1986.
1986.
1986.
1986.
1987.
1987.
1987.
1967.

1987.
1937.
1987,
1987.
1987.

1988.

L. ALOE

International “St. Vincent” Award.

“Knights of Humanity”™ Award, International Philanthropic Society.

Full-time Researcher as Guest Professor, Cellular Biology Laboratory, CNR,
Rome.

Laurea ad Honorem, St. Mary’s & Notre Dame’s College, USA (presented in
Rome, ltaly).

Member of the “Accademia delle Scienze dei Quaranta”, Rome.

Elected member of the European Academy of Sciences, Arts and Humanities,
Paris, France.

Foreign Correspondent of the Royal Academy of Medicine, Brussels, Belgium.
Member of the European Academy of Sciences, Arts and Letters, Paris, France.
Award from the cities of Turin and Florence for outstanding contributions in
science.

Lewis S. Rosenstiel Award for distinguished work in Basic Medical Research,
Brandeis University, Boston, Mass., USA.

Member of the St. Claire Academy, Genova, [taly.

Laurea ad Honorem, Washington University Medical School, St. Louis,
Missouri, USA.

“Immagine [talia™ Award, Milan, Italy.

Louisa Gross Horwitz Award, Columbia Univ., New York, USA.

“Fregene” Award in Science, Rome, Italy.

International Trophy I Guerrieri di Riace”, conferred by the International
Cultural Association, =] Templari”, Rome.

Gold Medal in Neurosciences, Rome, Italy.

“Matilde di Canossa”™ Award, Reggio Emilia, ltaly.

Ralph Gerard Award, Neuroscience Symposium, Dallas, USA.

Columbus Award, “Palazzo Vecchio™, Florence, Italy.

Member of the American Philosophical Society, Philadelphia, USA.

Gold Medal for Science, bestowed by the “Nuova Accademia delle Scienze™,
Rome, Italy.

First Annual Conference of the “Rita Levi-Montalcini Award Lectures”. Fidia
Georgetown University, Institute for the Neurosciences, Washington D.C.,
USA.

Seal of the City of Turin Award, Italy.

“Premio Universo”, Potenza, [taly.

Lasker Award, New York, USA.

Nobel Prize in Medicine or Physiology, Stockholm, Sweden.

Honorary Membership, American Society of Zoologists, USA.

Thudicum Award and Lecture, Leichester, England.

United States National Medal of Science, USA.

Honorary Citizenship, cities of Rome, Asti, Quattro Castelli (Romagna),
Torino, Italy.

Laurea ad Honorem, University of London, England,

Laurea ad Honorem. University of Buenos Aires, Argentina.

Laurea ad Honorem, Loyola University of Chicago in Rome.

Laurea ad Honorem, Biophysic Institute of the University of Brazil in Rio de
Janeiro.

Approximately 40 Gold Medals from different cities throughout Italy and
Europe.

Honorary Citizenship, cities of Viterbo, Maratea, Susa, Casal Monferrato.



THE DISCOVERY OF NERVE GROWTH FACTOR 83

1988. Honorary Member, Tissue Culture Association, USA.

1988. Special Literary Awards: “Premio Comisso™ Treviso, Italy; “Ape d’Oro” Imola,
Italy.

1988. Series of lectures and Awards, Geneva and Zurich, Switzerland.

1988. Principality of Monaco, Lecture and Award.

1988. First Ramon y Cajal Award, Madrid, Spain.

1988. Gold Medal, Ministry of Public Health, Montecitorio, Rome.

1989. Honorary Member Medical Women's Association, USA.

1989. Elected Honorary Member, “Academie des Sciences”, Paris, France.

1989. Honorary citizenship, city of Vercelli, Italy.

1989. Laurea ad Honorem, Harvard University, Cambridge, Massachusetts, USA.

1989. July Guest Professor, Institute of Neurobiology, CNR, Rome.

1990. Gold Medal of the Consejo Superior de Investigaciones, Madrid, Spain.

1990. San Martino Award 1989, City of Noceto, Parma, Italy.

1990. International Academy for Biomedical and Drug Research, International
Scientific Advisory Board Member, Brussels, Belgium.

1990, Laurea ad Honorem, University of Urbino, Italy.

1990-Jan.’95. Member, National Committee for Bioethics, Italy (Hon. President).

1990. Member, National Commission UNESCO, Italy.

1991. Laurea ad Honorem, University of Lecce, Italy.

1991. “Premio Dodici Apostoli”, Verona, Italy.

1991. Honorary Citizenship, cities of Sassari and Bari, [taly.

1991 Laurea ad Honorem, University of Trieste, Italy.

199:1. Laurea ad Honorem, University of Siena, Italy.

1992. Laurea ad Honorem, Constantinian University, Rhode Island, USA.

1992. Associate Member, Third World Academy of Sciences, Italy.

1992, Wyeth Research Visiting Professorship, London, UK.

[992. Honorary Citizenship, city of Montalcino, Italy.

1993. President of the Enciclopedia Italiana - Treccani.

1993. President of the Italian National Commission of United World Colleges.

1993, Member of the United Nations High Level Advisory Board on Sustainable
Development.

1993, Honorary Member of the International Academy of the History of Science,
France.

1993, President, Institute of the Italian Encyclopedia, Treccani.

1993. Honorary Citizenship, city of Catanzaro, Italy.

1993, Laurea ad Honorem, University of Palermo, Italy.

1994, Honorary Member, Accademia Nazionale di Medicina, [taly.

1994, Member, Technical Scientific Committee, Ministry of Public Health, Ttaly.

1995. Foreign member, Royal Society of London, England.

1995. Member, UNESCO-CNR AIDS Committee.

1996. Guest Professor, Institute of Neurobiology, CNR, Rome.

2000. Nominated Senator.



