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Roles of neurotrophin-3 during early development of
the peripheral nervous system
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Max-Planck Institute for Psychiatry, Department of Neurobiochemistry, 82152 Planegg-Martinsried, Germany

SUMMARY

The neurotrophins are structurally related proteins regulating cell numbers in the developing vertebrate
nervous system. They are necessary survival factors preventing the death of specific neuronal populations.
Previous experiments have indicated that the administration of nerve growth factor or of brain-derived
neurotrophic factor during the formation of sensory ganglia and of target innervation increases the
number of neurons by preventing normally occurring neuronal death. These results support the view that
during development, neuronal numbers are adjusted to the size of the target tissue by the release of
limiting amounts of neurotrophins. However, increasing the levels of neurotrophin-3 during the formation
of sensory ganglia results in a marked decrease in neuronal numbers, possibly as a consequence of
premature cessation of sensory neuroblast proliferation. In sympathetic ganglia, the application of
neurotrophin-3 during the formation of the sympathetic chain causes cell numbers to increase, a result
also observed following the application of nerve growth factor. It thus appears that neurotrophin-3 and
nerve growth factor can regulate cell numbers well before the period of target-derived control, and that
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neurotrophin-3 affects neuronal numbers in sensory and sympathetic ganglia in opposite ways.

1. INTRODUCTION

Neurotrophins are best known for their ability to
prevent the death of a variety of embryonic neurons.
Their remarkable specificity has been most clearly
documented with neurons of the peripheral nervous
system (PNS). Thus in the dorsal root ganglia (DRG),
neuronal sub-populations could be distinguished on
the basis of their survival requirements for either nerve
growth factor (NGF) or brain-derived neurotrophic
factor (BDNF) (Barde ¢t al. 1982). In addition, the
death of cultured sympathetic neurons could be
prevented by the addition of NGF (Levi-Montalcini &
Angeletti 1963), but not of BDNT (Barde et al. 1982).

Whereas in vitro studies also played an essential role
in the identification and characterization of both NGF
and BDNF (Levi-Montalcini ¢t al. 1954; Cohen 1960;
Barde ef al. 1982), experiments with cultured neurons
can be misleading, and it has not always been possible
to demonstrate that a factor-induced survival of PNS
neurons in vilro accurately predicts prevention of
neuronal death in vive. For example, when applied
vivo, neither fibroblast growth factor 1 and 2, nor
ciliary neurotrophic factor prevent normally occurring
neuronal death in the variety of peripheral ganglia that
have been examined (Oppenheim et al. 1991,1992; see
also below a further example with neurotrophin-3).
This has not been the case with NGF and BDNF. For
reasons that might be related to the Spartan tissue
culture conditions used for the characterization of both
NGF (fibre outgrowth in a plasma clot) and BDNF
(neuronal survival on a polyornithine, laminin-free
substrate), it seems that only robust activities survived
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the purification procedure from the complex tissue
sources that were used. Following their purification,
both NGF and BDNF could be subsequently shown in
vivo to selectively prevent neuronal death in peripheral
sensory (Hamburger ef al. 1981; Hofer & Barde 1988)
or sympathetic ganglia (Oppenheim et al. 1982). The
specificity predicted from in vitro experiments (Lindsay
et al. 1985) could be confirmed in vivo in that placode-
derived neurons of the nodose ganglion are rescued by
BDNF, but not by NGF (Hofer & Barde 1988). NGF,
but not BDNF, prevents cell death in the sympathetic
chain (Oppenheim et al. 1982). These results have also
been useful in supporting the idea that neurons are
eliminated during normal development because of
limiting amounts of neurotrophins.

Two additional neurotrophins have been identified
in  mammals, neurotrophin-3  (NT-3)  and
neurotrophin-4/5 (NT-4/5). Unlike NGF or BDNF,
their identification did not make use of their biological
activity. But interestingly, both were also found to be
active on sensory neurons. Whereas unique targets
have been difficult to identify for NT-4/5 by using
cultured peripheral neurons, in vivo studies revealed
that neuronal losses in some visceral ganglia appear to
be unique to animals lacking the NT-4/5 gene,
compared with BDNF -/- animals (Conover e/ al.
1995; Liu ef al. 1995). In the DRG, NT-3 has been
shown to have a striking specificity for muscle afferents
(Ernfors et al. 1994; Farifas et al. 1994).

Still very little is known about in wvivo effects of
elevated levels of NT-3 during early development, and
we report here on the results of such experiments. They
were prompted by an unexpected observation resulting
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from the necutralization of endogenous NT-3 by using
a monoclonal antibody (Gaese et al. 1994). Cell counts
in the nodose and dorsal root ganglia revealed that
over 309, of the neurons were lost in these ganglia
alrcady at the end of gangliogenesis. This early
decrease was not seen with NGF-antibodies, and when
examined several days later after the period of cell
death, the DRG of embryos treated with a combination
of antibodies to both NGF and NT-3 showed effects
that were less than additive, suggesting that some
NGF-requiring neurons first depend on NT-3 (Gaese et
al. 1994).

2. NT-3 AND SENSORY NEURONS

In previous experiments with NGI or BDNF, the
daily application of 1 pg or 5 pg (with quail or chick
embryos, respectively) was found to be necessary to
prevent neuronal death in peripheral ganglia
(Oppenheim et al. 1982; Hofer & Barde 1988). When
neuronal numbers were assessed after the period of
normally occurring cell death, substantial increases in
cell numbers were observed in the corresponding
peripheral ganglia. Treatment of chick embryos with
NT-3 (5 pg daily between E3 and E6) led to marked
decreases in neuronal numbers in both nodose and
dorsal root ganglia when analysed after the period of
normally occurring cell death (figure 1, see also Ockel
etal. 1996). These effects were only observed when N'T-
3 was applied during the period of cell proliferation in
the sensory ganglia (D’Amico-Martel 1982), and not
when the same treatment was applied during E6 and
E9 (figure 1). Also, the reduction in cell numbers seems
to be specific for NT-3 in that identical, early
treatments with BDNF did not decrease neuronal
numbers (Ockel et al. 1996). Whereas in these
experiments, cell counts were done after the period of
normally occurring cell death, the nodose ganglia were
already reduced in size at E7 when compared with
ganglia of control animals. It thus appears that NT-3
exerts its effects when cell division is still observed in
sensory ganglia, before the target-related cell death
phase. The possibility that NT-3 affects cell pro-
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liferation during gangliogenesis was tested. Using
immunostaining for PCNA (proliferating cell nuclear
antigen, a DNA polymerase 3-associated protein), the
percentage of dividing cells was determined on sections
of nodose ganglia at E4.5, and was found to be reduced
by about half.

The reduction in cell numbers did not seem to
selectively affect any particular sub-population of
sensory neurons. Size-frequency analysis done at El1
showed a normal cell size distribution of the remaining
neuronal populations, and tracing experiments using
the dye Dil revealed no changes in the projection
patterns in the spinal cord of the surviving neurons
(Ockel et al. 1996). This implies that the neurons
remaining after the short initial treatment with 5 pg
NT-3 have the potential to innervate the normal range
of spinal cord laminae. Either the treatment has equal
effects on different sensory precursor populations or it
is affecting a pool of uncommitted sensory precursors.
In contrast, recent experiments with lower doses, but
longer term NT-3-treatment resulted in changed
projection patterns, especially affecting projections to
laminae II (Eide et al. 1994; G. Lewin, unpublished
data). In the rat, it has also been shown that the
application of NT-3 starting at E14 does affect the
projections of TA afferents in the spinal cord (Zhang
et al. 19945).

When NT-3 was applied between E6 and E9, a time
interval during which the net number of neurons
decreases in the avian nodose and dorsal root ganglia
(Hofer & Barde 1988), an increase of about 30 9, in cell
survival was observed in the DRG. This presumably
results from the prevention of normally occurring cell
death, like previously observed with NGI and BDNF
(see §1). However, no change in neuronal numbers
could be observed in the number of nodose neurons.
This result is surprising in view of in witro studies
demonstrating that NT-3 prevents the death of a
proportion of nodose neurons isolated during the
period of normally occurring cell death (Hohn et al.
1990), and that neuronal death can be prevented in vivo
by BDNF (Hofer & Barde 1988). This scems to be a

further, and surprising, example of a situation where
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Figure 1. Cell counts in chick nodose (black columns) and dorsal root (white columns) ganglia after daily treatments
with 5 ng NT-3 between E3-E6 (a) or between E6-E9 (4). Black columns neuronal numbers ( +s.d.) were determined
at E10 or E11 either on histological sections of the ganglia or following their dissociation by trypsin (for further details,

see Ockel et al. 1996).
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predictions made on the basis of in vitro experiments
cannot be verified iz vivo, and it would be interesting to
see if N'T-3 also rescues nodose neurons cultured in the
absence of laminin (see §1).

Taken together, these findings indicate that N'T-3
has multiple effects on sensory neurons during different
phases of development. The time window for these
different actions is narrow and represents a critical
parameter in the NT-3-mediated regulation of neur-
onal numbers. Early in gangliogenesis, NT-3 might
take some dividing neuroblasts out of the cell cycle,
and at the same time, it might also be a survival factor
for these cells. Thus, the net results of deprivation
paradigms like the application of antibodies would be
in any case fewer neurons when the ganglia are
analysed (Gaese et al. 1994). Whereas it is novel for the
action of neurotrophin i wivo, this effect of NT-3
during sensory gangliogenesis is reminiscent of what
has long been observed with PC12 cells treated with
NGF. NGF blocks proliferation of these cells, and in
the absence of serum, NGF is also a survival factor for
post-mitotic PC12 cells (Greene & Tischler 1976;
Greene 1978).

The effects of late applications of NT-3 on DRG cell
numbers can be rationalized according to the classical
NGF model. NT-3 is made in the target of some
proprioceptive neurons, for which it is an essential
survival factor (Oakley ¢t al. 1995). In the DRG, some
of these neurons would die because of the lack of
sufficient quantities of target-derived NT-3. Such does
not seem to be the case for visceral neurons in the
nodose ganglion between E5 and E11.

3. NEUROTROPHIN-3 AND AUTONOMIC
NEURONS

As early applications of NT-3 markedly decrease the
number of neurons in sensory ganglia, the question
arises as to how widespread these effects are in the
PNS. Parasympathetic neurons of the ciliary ganglion
have been previously reported not to respond to NT-3
(Hohn et al. 1990; Maisonpierre ¢t al. 1990). In NT-3-
treated embryos with markedly smaller sensory
ganglia, neuronal numbers in the ciliary ganglia were
not different from control embryos (Ockel et al. 1996).
The lack of receptors able to transduce an NT-3
response in these neurons might explain this result. In
this context, it is interesting to note that whereas the
death of ciliary neurons resembles in many ways that
observed in other peripheral ganglia, these neurons are
curiously unresponsive to the neurotrophin-trk-system:
even when they artificially express trkA following the
intracellular injection of the corresponding plasmids,
they remain NGF-unresponsive (Allsopp et al. 1993).

With regards to the effects of early applications of
NT-3, the sympathetic chain is an especially interesting
structure to study. Indeed, previous in vitro work has
indicated that the precursors of sympathetic neurons
can be cultured, and that they even continue to divide
in vitro (Rohrer & Thoenen 1987). This is in contrast
with what has been observed with sensory neuroblasts
which do not survive and divide in culture after their
isolation from early sensory ganglia (Rohrer &
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Figure 2. Cell counts in the E7 lumbar sympathetic chain
after daily treatments with 5 pg NT-3 or NGF. Cell numbers
(+s.d.) were obtained either by DNA measurements or
following dissociation of the ganglia by trypsin (D. von
Schack, unpublished results).

Thoenen 1987; Ernsberger et al. 1989). Early survival
effects of NT-3 have been reported with cultured
sympathetic neuroblasts of chick (at E7) and rats
(Birren ¢t al. 1993; Dechant et al. 1993 ; DiCicco-Bloom
et al. 1993), and high concentrations of NT-3 block
proliferation of these cells in vitro (Verdi & Anderson
1994). These studies also indicated that, n wvitro,
sympathetic neurons first dependent on NT-3 during
early stages of development, later switch their factor
requirement for NGI* (Birren et al. 1993; Dechant et al.
1993; DiCicco-Bloom et al. 1993). This switch might
result from the gradual substitution of trkC for trkA,
and evidence for cell non-autonomous signals inducing
trkA expression in culture sympathoblasts has been
provided. With E6.5 chick neurons, the addition of
retinoic acid causes a marked inrease of trkA expression
(von Holtz et al. 1995), whereas with immuno-isolated
E14.5 rat sympathoblats, NT-3 and other agents
producing mitotic arrest, but not retinoic acid, increase
trkA mRNA levels (Verdi & Anderson 1994). How-
ever, recent data indicate that in the chick in vivo, trkA
mRNA can already be detected at E4.5 in the primary
sympathetic chain, and that during the period that
corresponds to the switch from NT-3 to NGF-
dependency of cultured neurons, trkA mRNA levels
remain constant in freshly isolated sympathetic chains
(Schropel et al. 1995). Maximal expression levels are
already reached at E7 in sympathetic ganglia, an age
at which trkC is also expressed.

In view of these results, it was necessary to examine
the effects of NT-3 and of NGF administration during
the earliest stages of formation of the sympathetic
chain, and to compare them with the results obtained
with the sensory ganglia. Chick embryos were treated
between E3 and E5 with 5 pg NT-3 or NGF and their
lumbar sympathetic chains examined at E7, which is
before the onset of target innervation. Both factors
were found to induce a marked increase in cell numbers
compared with untreated embryos (figure 2; see also
Oppenheim et al. 1982). Whether or not NGF and NT-
3 affect the same population of sympathoblasts is not
known. In the same embryos, the nodose ganglia were
markedly reduced in size.
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Currently, it is unclear if these increases in cell
numbers result from increased proliferation, or from a
reduction in early programmed cell death before target
innervation. In any case, these results indicate that in
vivo, cells in the sympathetic chain have functional
receptors for both NGF and NT-3 at these early stages,
and that in marked contrast with the effects of NT-3 on
sensory ganglia, the size of sympathetic ganglia does
not decrease, but increases after early NT-3 treatments.

4. CONCLUSIONS

The main conclusion from the experiments involving
the application of exogenous NT-3 during ganglio-
genesis is that the development of the sensory ganglia,
but not of the sympathetic ganglia, is affected in a way
that is opposite to that observed following identical
experiments done previously with either NGF or
BDNEF.

At present, it is difficult to know if the reduction in
cell numbers seen in these ganglia reflects a physio-
logical role of NT-3 during development. Indeed,
manipulations such as the application of NT-3-
antibodies or the deletion of the NT-3 gene can only
show the net result of the manipulation, namely fewer
neurons, as NT-3 seems to be also a survival factor for
neurons during gangliogenesis (Gaese et al. 1994). The
prediction that larger sensory ganglia should be formed
in the absence of NT-3 can thus not be tested with the
deprivation paradigm. Nonetheless, it appears possible
that the anti-proliferative effects of NT-3 revealed by
the administration of NT-3 during gangliogenesis
represent an integral part of NT-3’s physiology. The
mRNAs coding for NT-3 and for trkC, the probable
NT-3 receptor involved in these early effects, can be
detected in the neural tube and the DRGs of the avian
embryos at E3 (Hallbook et al. 1993 ; Pinco et al. 1993
Kahne & Kalcheim 1994; Zhang et al. 1994a).

In view of the results obtained with sensory ganglia,
the observations made with the sympathetic ganglia
are surprising because more cells, and not fewer, are
seen with increased levels of neurotrophin-3. Similar
results are obtained with NGF, indicating the presence
of functional receptors for NGF at early stages on these
neurons.

Why sensory and sympathetic gangliogenesis is
affected in opposite ways by increased levels of NT-3
will also be an interesting question to address in future
experiments. Finally, it will be useful to do similar
experiments in the central nervous system, including
the developing retina, where the presence of high
affinity NT-3 receptors has been observed during
neurogenesis (Rodrirguez-Tébar et al. 1993). Such
experiments would shed light on the generality and
diversity of the early roles of NT-3 during the formation
of the nervous system.

REFERENCES

Allsopp, T. E., Robinson, M., Wyatt, S. & Davies, A. M.
1993 Ectopic trkA expression mediates a NGF survival
response in NGF-independent sensory neurons but not in
parasympathetic neurons. J. Cell Biol. 123, 1555-1566.

Barde, Y.-A., Edgar, D. & Thoenen, H. 1982 Purification of

Phil. Trans. R. Soc. Lond. B (1996)

Roles of neurotrophin-3 during early development

a new neurotrophic factor from mammalian brain. EMBO
J. 1, 549-553.

Birren, S. J., Lo, L. & Anderson, D. J. 1993 Sympathetic
neuroblasts undergo a developmental switch in trophic
dependence. Development 119, 597-610.

Cohen, S. 1960 Purification of a nerve-growth promoting
protein from the mouse salivary gland and its neuro-
cytotoxic antiserum. Proc. natn. Acad. Sci. U.S.A. 46,
302-311.

Conover, J. C., Erickson, J. T., Katz, D. M. et al. 1995
Neuronal deficits, not involving motor neurons, in mice
lacking BDNF and/or NT4. Nature, Lond. 375, 235-238.

D’Amico-Martel, A. 1982 Temporal patterns of neurogenesis
in avian cranial sensory and autonomic ganglia. Am. J.
Anat. 163, 351-372.

Dechant, G., Rodriguez-Tébar, A., Kolbeck, R. & Barde,
Y.-A. 1993 Specific high-affinity receptors for neuro-
trophin-3 on sympathetic neurons. J. Neurosci. 13,
2610-2616.

DiCicco-Bloom, E., Friedman, W.]J. & Black, I. B. 1993
NT-3 stimulates sympathetic neuroblast proliferation by
promoting precursor survival. Neuron 11, 1101-1111.

Eide, A. L., Lewin, G. R. & Barde, Y.-A. 1994 Influence of
neurotrophins on the development of primary afferent
projections in the chick spinal cord. Soc. Neurosci. 20,
Abstr.452.9

Ernfors, P., Lee, K.-F., Kucera, J. & Jaenisch, R. 1994 Lack
of neurotrophin-3 leads to deficiencies in the peripheral
nervous system and loss of limb proprioceptive afferents.
Cell 77, 503-512.

Ernsberger, U., Sendtner, M. & Rohrer, H. 1989 Pro-
liferation and differentiation of embryonic chick sym-
pathetic neurons: effects of ciliary neurotrophic factor.
Neuron 2, 1275-1284.

Farifias, 1., Jones, K. R., Backus, C., Wang, X.-Y. &
Reichardt, L. F. 1994 Severe sensory and sympathetic
deficits in mice lacking neurotrophin-3. Nature, Lond. 369,
658-661.

Gaese, I, Kolbeck, R. & Barde, Y.-A. 1994 Sensory ganglia
require neurotrophin-3 early in development. Development
120, 1613-1619.

Greene, L. A. & Tishler, A.S. 1976 Establishment of a
noradrenergic clonal cell line of rat adrenal pheochro-
mocytoma cells which respond to nerve growth factor.
Proc. nain. Acad. Sci. U.S.A. 73, 2424-2428.

Greene, L. A. 1978 Nerve growth factor prevents the death
and stimulates the neuronal differentiation of clonal PC12
pheochromocytoma cells in serum-free medium. J. Cell
Biol. 78, 747-755.

Hallbook, F., Ibéiiez, C. F., Ebendal, T. & Persson, H. 1993
Cellular localization of brain-derived neurotrophic factor
and neurotrophin-3 mRNA expression in the early chicken
embryo. Fur. J. Neurosci. 5, 1-14.

Hamburger, V., Brunso-Bechtold, J. K. & Yip, J. W. 1981
Neuronal death in the spinal ganglia of the chick embryo
and its reduction by nerve growth factor. J. Neurosci. 1,
60-71.

Hofer, M. M. & Barde, Y.-A. 1988 Brain-derived neuro-
trophic factor prevents neuronal death in vivo. Nature,
Lond. 331, 261-262.

Hohn, A., Leibrock, J., Bailey, K. & Barde, Y.-A. 1990
Identification and characterization of a novel member of
the nerve growth factor/brain-derived neurotrophic factor
family. Nature, Lond. 344, 339-341.

Kahane, N. & Kalcheim, C. 1994 Expression of trkC
receptors mRNA during development of the avian nervous
system. J. Neurobiol. 25, 571-584.

Levi-Montalcini, R., Meyer, H. & Hamburger, V. 1954 In
vitro experiments on the effects of mouse sarcomas 180 and


http://rstb.royalsocietypublishing.org/

B

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

B

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rstb.royalsocietypublishing.org

Roles of neurotrophin-5 during early development

37 on the spinal and sympathetic ganglia of the chick
embryo. Cancer Res. 14, 49-57.

Levi-Montalcini, R. & Angeletti, P. U. 1963 Essential role of
the nerve growth factor in the survival and maintenance of
dissociated sensory and sympathetic embryonic nerve cells
wn vitro. Devl Biol. 7, 653-659.

Lindsay, R. M., Thoenen, H. & Barde, Y.-A. 1985 Placode
and neural crest-derived sensory neurons are responsive at
early developmental stages to brain-derived neurotrophic
factor. Devl Biol. 112, 319-328.

Liu, X., Ernfors, P., Wu, H. & Jaenisch, R. 1995 Sensory but
not motor neuron deficits in mice lacking NT4 and BDNVF.
Nature, Lond. 375, 238-241.

Maisonpierre, P. C., Belluscio, L., Squinto, S. et al. 1990
Neurotrophin-3: a neurotrophic factor related to NGF
and BDNF. Science, Wash. 247, 1446-1451.

Oakley, R. A, Garner, A. S., Large, T. H. & Frank, E. 1995
Muscle sensory neurons require neurotrophin-3 from
peripheral tissues during the period of normal cell death.
Development 121, 1341-1350.

Ockel, M., Lewin, G. R. & Barde, Y.-A. 1996 In vivo effects
of neurotrophin-3 during sensory neurogenesis. Development
(In the press.)

Oppenheim, R. W.; Maderdrut, J. L. & Wells, D. J. 1982
Cell death of motoneurons in the chick embryo spinal cord
VI reduction of naturally occurring cell death in the
thoraco-lumbar column of Terni by nerve growth factor.
J. comp. Neurol. 210, 174-189.

Oppenheim, R. W, Prevette, D., Qin-Wei, Y., Collins, I. &
MacDonald, J. 1991 Control of embryonic motoneuron
survival i vivo by ciliary neurotrophic factor. Science, Wash.
251, 1616-1618.

Oppenheim, R. W.; Prevette, D. & Fuller, F. 1992 The lack

Phil. Trans. R. Soc. Lond. B (1996)

M. Ockel and others 387

of effect of basic and acidic fibroblast growth factors on the
naturally occurring death of neurons in the chick embryo.
J. Neurosci. 12, 2726-2734.

Pinco, O., Carmeli, C., Rosenthal, A. & Kalcheim, C. 1993
Neurotrophin-3 affects proliferation and differentiation of
distinct neural crest cells and is present in the early neural
tube of avian embryos. J. Neurobiol. 24, 1626-1641.

Rodriguez-Tébar, A., De la Rosa, E. J. & Arribas, A. 1993
Neurotrophin-3 receptors in the developing chicken retina.
FEur. J. Biochem. 211, 789-794.

Rohrer, H. & Thoenen, H. 1987 Relationship between
differentiation and terminal mitosis: chick sensory and
ciliary neurons differentiate after terminal mitosis of
precursor cells whereas sympathetic neurons continue to
divide after differentiation. J. Neurosci. 7, 3739-3748.

Schropel, A., Dechant, G. & Barde Y.-A. 1995 Early
expression of the nerve growth factor receptor trkA in
chick sympathetic ganglia. Molec. Cell Neurosci. (In the
press.)

v. Holst, A., Rodriguez-Tébar, A., Michaille, J.-J. et al. 1995
Retinoic acid-mediated increase in trkA expression is
sufficient to elicit NGF-dependent survival of sympathetic
neurons. Molec. cell. Neurosci. 6, 185—-198.

Verdi, J. M. & Anderson, D. J. 1994 Neurotrophins regulate
sequential changes in neurotrophin receptor expression by
sympathetic neuroblasts. Newron 13, 1359-1372.

Zhang, D., Yao, L. & Bernd, P. 19944 Expression of i7k and
neurotrophin mRNA in dorsal root and sympathetic
ganglia of the quail during development. J. Neurobiol. 25,
1517-1532.

Zhang, L., Schmidt, R. E.; Yan, Q. & Snider, W. D. 19945
NGF and NT-3 have differing effects on the growth of
dorsal root axons in developing mammalian spinal cord.

J. Neurosci. 14, 5187-5201.


http://rstb.royalsocietypublishing.org/

