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The proliferative state, graft-site and contact-time of
competent chick ectoblast determine the quality and
quantity of neural induction by Hensen’s node
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ABSTRACT We have assessed the type and amount of neural tissue induced in the chick gastrula
ectoblast with increasing duration of contact with the Hensen node inducer. At least 4 h contact is
necessary to induce the ectoblast in the area pellucida, 9 h in the area opaca and even longer at the
margin of overgrowth. In the area pellucida, the inductive response shifts from archencephalic type
at 4-6 h contact to deuterencephalic type after 9 h contact. The induced tissue volume and cell
number increased as graft-host contact increased from 4-9 h, and then decreased with longer
contact. We suggest that in addition to the period of contact and the grafting position on competent
ectoblast, the rate of cell proliferation may control the axial specificity and morphological organi-

zation of the induced neural tissue.
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Introduction

Interaction between the host ectoblast and chorda-mesoblast
results in induction of neural tissue and establishment of the
nervous systemin the amphibian (Spemann & Mangold, 1924) and
avian (Waddington, 1932) embryos. The neural induction has been
suggested to occur in two distinct steps, namely, or evocation-
individuation (Waddington,1950) dorsalization-caudalization
(Yamada,1950,1958,1990,1994,1995) or activation- transforma-
tion (Nieuwkoop,1952). Conceptually, the above 3 sets overlap
and are often used interchangeably. The activating and transform-
ing signals responsible for antero-posterior patterning of the neural
tissue have been studied extensively (Bronner-Frazer and Fraser,
1997). Dorsalization occurs at all antero-posterior levels whereas
caudalization is restriction to the posterior region in form of a
postero-anterior gradient and exerts a negative cell cycle regula-
tion (Yamada, 1950, 1994,1995). Addition of increasing amount of
posterior mesodermto the chick gastrula shifts the gradientborder-
line anteriorwards and causes caudalization seen in form of
reduced head structures and inhibition of cell population growth
(Joshi-Banka et a/, 2002) and mimics the effect of teratogens like
isonicotininc acid hydrazide, trypan blue, lithium chloride and
retinoic acid (Joshi er a/, 1990; Ghatpande et a/, 1991, 1993;
Modak era/,1993). Itwas suggested (Yamada, 1950; 1994; 1995)
that, in the absence of caudalization, dorsalized ectoderm exhibits
anterior or archencephalic differentiation, a weak caudalization of
the dorsalized ectoderm leads to deuterencephalic differentiation

while with strong caudalization a spino-caudal differentiation is
expressed. Once induced, the neural tissue is organized into a
neural tube and undergoes regionalization (Yamada, 1950;
Waddington, 1952; Nieukwoop, 1952). The regional inductions are
caused by simultaneous actions of neuralizing and mesodermalizing
principles distributed in a gradient form (Yamada, 1950 and
Nieuwkoop, 1952).

Cell lineage-specific differences in cell proliferation may be
relevant to differential growth and development of different organ
systems. Chick blastoderm cells proliferate with an average dou-
bling time of 6h between stages 1 to 7, i.e., till early neurulation,
which then increases to 12 h between stages 8 and 12 (McMaster
and Modak, 1977). The cell proliferation rates differ considerably
among various cell layers, e.g., Cell population doubling time (T ;)
of gastrula area pellucida is 18 h while it is 6.1h in the area opaca
(Sonawane, Ph.D. thesis. 2000). Thus, during active neural induc-
tion the area pellucida ectoblast divide very slowly; proliferative
activity of ectoblast increases as one move away towards the
margin of overgrowth (Deshmukh ef a/, 2001).

Earlier we (Deshmukh ef a/, 2001) have shown that although
the entire gastrula ectoblast is competent for neural induction, the
quantity of induced tissue decreases from the highest in the area
pellucida to the lowest at the margin of overgrowth and this
correlated with longest T in the former region. We now test the

Abbreviations used in this paper: T, cell population doubling time.
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postulate that the differences in the cell population doubling activity
is also correlated with changes in the amount and type of neural
tissue induced at different positions in blastoderm with increasing
contact with the inducer Hensen’s node graft.

Results

We have transplanted Hensen’s node derived from a stage 4
(Hamburger & Hamilton,1951) donor at the anterior margin of
the area pellucida. mid-area opaca or the margin of overgrowth
(Fig. 1) of host chick blastoderm of same developmental age
cultured /7 vitro according to Gallera & Castro-Correia (1961).
In these experiments, the endodermal side of the graft is
placed directly in contact with the undersurface of the ecto-
derm after removing the overlying host endoderm. Grafts were
surgically scraped off after allowing a contact for 2,4,6 or 9h as
before (Deshmukh er a/, 2001). In such experiments the graft
tissue is completely removed as shown earlier (Joshi-Banka ez
al., 2001). ltis to be noted that the graft ectoblast giving rise to
donor neural tissue aligns with the host endoblast/endoderm,
graft mesoderm lies between graft ectoblast and induced host
ectoblast.

Area Pellucida (Position A)

Morphology

The morphological characteristics of the induced neural tissue
were examined. In archencephalic induction, we observe forma-
tion of anterior brain-like structure in the absence of underlying
notochord. Mid- and hind-brain like structure with underlying
notochord exemplify deuterencephalic structures while a well
defined small and open neural tube underlined by a notochord
and laterally positioned somatic mesoderm is characteristic of
spino-caudal induction. In the area pellucida at least 4h-contact is
required between the graft and competent host ectoblast to elicit
neuralization (Fig. 2) of archencephalic type (Table 1). After a 6h-
contact, 3 hosts show archencephalic (Fig. 3) induction and 1
exhibit deuterencephalic induction. A 9h-contact leads to 1
archencephalic and 3 deuterencephalic inductions (Table 1).
After 20h-contact the induced neural tube was deuterencephalic
in 3 outof 5 hosts and archencephalic in 2 hosts. We conclude that
with increased duration of contact, the induction shifts from
archencephalic type to deuterencephalic in the area pellucida.

Morphometry

The induced tissue volume is 7.06x102 mm3 after 4h-contact
and increases to 7.80x102 and 7.69x102 mm?3 after 6 and 9h,
respectively, and then decreases to 5.55x102 mm3 when the HN-

HHM grall kept in contact for 2, 4, 6, 9 or 20h with the hosl ecloblast

Fig. 2. Transplantation of
Hensen’s node graft onto
full primitive streak stage
embryos for varying time
of contact between the
graftand host ectoblast, in
the area pellucida (Position
A). The arrow points to in-
duced neural tissue. (A) 2 h
graft-host contact does not
provoke neuralization in the
competent ectoblast. (B)4 h
contactleads to neuralization
in the competent ectoblast.
(C) Massive neuralization is
observed in the host ecto-
blast after a 6 h graft-host
contact. (D) 9 h graft-host
contact provokes neural in-
ductionin the host ectoblast.
(E) Graft in contact for 20 h
with host ectoblast induces
itto neuralize and undergoes
self-differentiation.

ectoblast contact is continued for 20h (Fig. 3A; Table 1). The
induced cell number also increases from 1.824x10* after a 4h-
contact to 2.15x10%and 1.69x10* after 6- and 9h-contact, respec-
tively, and then decreases to 1.30x10* cells at 20h and the
decrease in both tissue volume and cell number between 6-20h
are statistically significant (p<0.05) (Fig. 5B, Table 1); the cell
population density of induced neural tissue is unchanged regard-
less of the contact-duration. Plots of tissue volume or cell num-
bers against the time of contact reveal fit curvilinear regressions
[volume: r=0.68, p<0.01; cell numbers: r=0.78, p<0.01] using a

Fig. 1. Schematic diagram showing the posi-
tion and duration of the graft-host contact at
the anterior rim of the area pellucida (Position A),
middle of area opaca (Position B) and at the
margin of overgrowth (Position C). AO, area
opaca; AP, area pellucida; HN, Hensen’s node;
MOG, margin of overgrowth; PS, primitive streak.
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Fig. 4. (Above) Serial transverse sections (section numbers indicated at
the top left hand corner) of the chick embryo showing archencephalic type
of neural induction obtained after 20 h graft-host contact in the area
pellucida (Position A). FG, host fore gut; GNT, graft neural tube; HNT, host
neural tube; INT, induced neural tissue; NO, notochord.

Fig. 3. (Above) Serial transverse sections (section numbers indicated at the top left hand corner) of the chick embryo showing archencephalic type
of neural induction obtained after 6 h graft-host contact in the area pellucida (Position A). FG, host fore gut; HNT, host neural tube; INT, induced neural

tissue; NO, notochord.

2nd degree polynomial (Fig. 5 A,B). Thus, the induced neural
tissue increases between 4 and 9h and decreases thereafter.

Area Opaca (Position B)

Morphology

When the HN was left in contact with host ectoblast for 2, 4 or
6h, none of the embryos exhibit neural inductive response in the
area opaca. After 9h-contact and 11h culture in the absence of the
graft, the inductive response was first weak medullary (Fig. 6) but
improved considerably after a 20h-contact (Fig.7, Table 1).

Morphometry

The induced neural tissue volume (1.16x102 mm?3) after 9h-
contact increased to 2.6x10-2 mm? after 20h-contact (p< 0.05).
Similarly, induced cell population increased from 0.26x10* after

9h-contact to 0.61x10* after a 20h-contact (p< 0.025) although the
cell population density was the same.

Margin of Overgrowth (Position C)

Morphology and Morphometry

At the margin of overgrowth transplanted HNs did not induce
neuralization despite a contact with host ectoblast for 9h. After a
20h-contact, one host embryo showed medullary type induction
(Fig. 8) while weak palisade type neural induction in 4 hosts. The
volume and cell populations size of induced tissue were found to
be 1.44x10-2 mm3 and 0.33x104, respectively.

In conclusion, the time of contact between HN graft and compe-
tent ectoblast required to induce neuralization increases from 4h in
the area pellucidato 9hin area opaca and even longer atthe margin
of overgrowth [>9h, <20h] with a concomitant weakening of the
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Fig. 5. Relationship be-
tween (A) the volume and
(B) cell population size of
the induced neural tissue
obtained after 4,5,6,9 and
20 h graft-host contact in
the area pellucida (Position
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neural induction in extent of morphological differentiation, tissue
volume and cell population.

Discussion

A 4h-contact between the HN and competent host ectoblast of
area pellucida is sufficient to obtain neural induction, while the
minimum period of contact is 9h in the area opaca (present data)
confirming earlier studies (Gallera, 1965, 1970, 1971; Leikola,
1976, Deshmukh er a/, 2001). The ectoblast at the margin of
overgrowth also exhibits neural competence (Deshmukh ef a/,.
2001) and we now show, for the first time, that the period of contact

TABLE 1

QUALITATIVE AND QUANTITATIVE ANALYSIS OF INDUCED NEURAL TISSUE OBTAINED
AFTER VARYING DURATION OF GRAFT-HOST CONTACT

required to elicit neural induction is even longer (<9h, >20h).
Furthermore, with increasing duration of contact, the quality of
neural induction shifts from archencephalic to deuterencephalic
type in both pellucid and opaque areas with a concomitant regula-
tion of the induced tissue volume and cell population size. At the
margin of overgrowth a longer contact also improves the quality of
induction. Comparison of the quality of neural induction at the 3
positions showed (Deshmukh er a/, 2001) that ectoblast through-
out stage 4 blastoderm is competent to neuralize wherein the
relative cell proliferative activity increases with increasing distance
from the primitive streak. We postulated that the duration of cell
cycle is inversely related with the quality of neural response to HN
grafts. We now show that the pellucida
ectoblastindeedreacts fastestto neuralizing
stimulus from HN graft although these cells
exhibitalong cell populationtime (T;=18h).
We conclude that due to a longer cell dou-

Graft Time of Number Type of I Induced Population bling time (T ;) or lower proliferative activity,
Position  contact (h) of embyros induction Neural Tissue Density area pellucida ectoblast are accessible for
D A M N P  Volume Celno. % Cell no./ longer duration to the inductive stimulus
(x10-2  x104 mitosis  tissue and its processing into the neuralizing re-
mm3) volume sponse. In contrast, with shorter T, the
Area time available for receipt and processing of
Pe";‘fida 2 5 . inductive stimulus is shorter in the ectoblast
@ in the area opaca and the margin of over-

4 5 1 7.06 182  6.05 2.58

growth.

6 4 13 ¢7i§309 126.15% 146?639 izo'_g _ Inthe area peIIl_Jcida_the inductive signal
s 1 769 197 400 569 is transferred during first 1-2h of contat_:t
9 4 +3.63 1077 4079 4055 betweenthe graftand ho;tectc_;b_last (Joshi-
3 2 555 129 734 240 Banka et a/', 2001') but |_nsuﬁ|C|ent to pro-
20 5 +2.00 +0.34 4299  +0.26 voke neural induction while 4h-contact pro-
Area vokes an archencephalic neural induction
Opaca 6 5 (Table 1) that progressively shifts towards
(B) more posterior or deuterencephalic type
1.16 026  3.89 2.32 with increasing duration of contact. Con-
9 5 1 3 1 +0.33 +¥0.05 041  0.52 comitantly, the size and cell number in-
3 1 2.60 0.61 3.83 242 crease from 4 to 9 h and thereafter de-
20 5 $090 2016 060  #0.18 crease at 20h without affecting the density
Margin of of cell population (Table 1). We have plotted
O"er(gcr)o‘"’th o 5 the induced tissue volume (Fig. 5A) and cell
20 5 1 4 131 033 381 520 numbers (I_:ig. 5B) against the_time of con-
1053 1013 +0.38 +0.56 tact and find that the data fitted best a

D — Deuterencephalic, A — Archencephalic, M — Medullary, N — Neuroidal, P — Palisade

curvilinear progression using a 2" degree
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polynomial. We postulate that the initial development of nervous
system occurs in two phases. During the first phase, i.e., the onset
of induction, cell number increases whereas in the second phase
the cell proliferation is inhibited. As the neural tissue formed after
4h-contact is of archencephalic type and then shifts to
deuterencephalic type, we suggest that, the initial effect of the
inductive signal is mitogenic. In the second phase a mitostatic
effect is exerted on the neural tissue, which then undergoes
regionalization. According to Yamada (1950; 1952; 1990; 1994,
1995) and Yamada & Modak (1998) the axial morphological
organization ofthe induced tissue occurs intwo phases, dorsalization
and caudalization. During dorsalization, the anterior type of neural
tissue is formed, while caudalization leads to formation of posterior
type of neural tissue mediated by Convergent Extension (CE)
whereby the cell movement dependent on the direction of the cell
intercalation, plays an important role in formation of posterior axis.
Recently, Joshi-Banka er a/ (2002) have shown that addition of
exogenous posteriormesoderm of a post-nodal fragment caudalizes
chick embryo and suggested that excessive mesodermalization
induces caudalization. Itis known thatin absence of mesoderm the
dorsalized ectoderm exhibits anterior or archencephalic differen-
tiation (Smith and Harland, 1992; Lamb ef a/, 1993; Witta er a/,
1995). The conversion of presumptive archencephalon to
deuterencephalon depends on convergent extension. (Yamada,
1994; 1995). Thus, the shift from primitive archencephalic type of
differentiation after a 4h contact to a more posterior type beyond
9h-contact appears to be due to the continued CE of contacting
graft-derived mesoderm. When graft-derived mesoderm is left in
contact for 4 and 6h and then removed, the host ectoblastresponds
in form of aarchencephalic (fore brain) type of neural structures. As
the contact period is increased to 9-20, the graft-derived meso-
derm has completed CE and there is a perceptible shift in the
differentiation of the neural tube to a more posterior deuterencephalic
type. Thus, the neural induction and subsequent morphological
reorganization appear to occur in three distinct steps, namely,
evocation including initial 1-2h period needed for inductor-transfer
(Joshi-Banka et a/, 2001), the mitogenic phase (present data,
Chatterjee & Modak, 2002, unpublished data) which lasts for 9h,
and finally a relatively mitostatic phase beyond 9h (present data).
Thus, the induced neural cells are subjected first to a positive cell
cycle control and then a negative cell cycle control by the inducer
graft.

The organizer involved in induction expresses genes for ecto-
dermal dorsalization and mesodermal caudalization (Yamada,
1995). Dorsalizing genes involved in the early response genes and
initiating most anterior type of differentiation include N-CAM
(Hemmati-Brivanlou and Melton, 1992, 1994), Noggin (Lamb etal.,
1993), Follistatin and Chordin (Sasai efa/, 1995). Pintallavis (Ruiz
| Altaba and Melton, 1992), XFD (Knochel, 1992) and Xnot (von
Dassow eta/, 1993) are involved in caudalization of both ectoderm
and mesoderm while Xbra (Smith ef a/, 1993) and Xhox3 (Ruiz |
Altaba and Melton, 1989) are responsible for only mesodermal
caudalization. Thus, it will be important to test for the chronological
hierarchy of gene expression specific for dorsal and caudal struc-
tures in relation to the cell proliferative activity.

Materials and Methods

Fresh fertilized White Leghorn chicken eggs of full primitive streak stage
(stage 4, Hamburger and Hamilton, 1951) were cultured /7 vitro (Gallera
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Fig. 6. A transverse section of the chick embryo showing a weak
medullary type of neural induction obtained after 9 h graft-host contact in
the area opaca (Position B). INT, induced neural tissue.

Fig. 7. Serial transverse sections (section numbers indicated at the top
left hand corner) of the chick embryo showing an archencephalic type of
neural induction obtained after 20 h graft-host contact in the area opaca
(Position B). GNT, graft-derived tissue; INT, induced neural tissue; NO,
notochord.

Fig. 8. A transverse section of the chick embryo showing a medullary
type of neural induction obtained after 20 h graft-ghost contact at the
margin of overgrowth (Position C).
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and Castro-Correia, 1960). A square (0.2mmx0.2mm) piece of the Hensen’s
node (HN) from stage 4 embryo was excised and placed in the area
pellucida (Position A), the area opaca (Position B) and the margin of
overgrowth (Position C) of stage 4 blastoderm (Fig. 1). The HN graft was
allowed to remain in contact with the host blastoderm for 2,4,6 or 9h and
then surgically removed as before (Deshmukh ez a/, 2001). Blastoderms
were then maintained in culture at 37.5+1°C for total period of 20h.

At each position and graft-host contact time, we used 12 hosts. Among
these, 5 were fixed for whole mounts and the remaining were histologically
processed to estimate cell numbers and morphometric parameters from
serial sections. In all 210 host were cultured, drawn to scale on Camera
lucida and fixed.

In controls, cultured embryos were allowed to grow for 20h without
removal of the graft. The control and experimental cultures were fixed
overnight in Bouin's fixative and stained either as whole mounts, or pro-
cessed for histology. Serial sections (6p) were stained with Harris Haematoxylin
or Mayer’s Haemalum. Five embryos were fixed immediately after removing
the graft.

Morphometry

The cell morphology, tissue volume and the cell numbers were deter-
mined as parameters of the quality of the neural induction. Outlines of
induced neural tissue and graft tissue from each section were drawn to scale
by Camera Lucida. The area (mm?2) was measured using a planimeter and
the tissue volume in each section was estimated as “tissue area (mm?) x
section thickness x 0.0131 as the magnification factor (Deshmukh ef a/,
2001).

From the induced and the graft-derived neural tissue in every serial
section, diameter of 50 interphase and 25 mitotic nuclei were measured with
a micrometer fitted to the eyepiece. All chick cells are mononucleate and
estimates of number of nuclei give the cell population size in the induced and
graft-derivedtissues fromeach section. These were corrected (Aberchombie,
1946) to avoid repetitive counting in adjacent sections and overestimation of
cell numbers. The corrected cell numbers from each section were added to
obtain the total cell population size in both induced neural tissue and graft-
derived mesoderm. Data were tested for significance by Student's “t” test
(Snedecor and Cochran, 1967).
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