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Increased expression and altered intracellular distribution of adhesion/growth-regulatory
lectins galectins-1 and -7 during tumour progression in hypopharyngeal and laryngeal
squamous cell carcinomas

Aims: To examine the level of expression of the
pleiotropic regulators galectins-1 and -7 in relation to
neoplastic progression of hypopharyngeal (HSCCs) and
laryngeal (LSCCs) squamous cell carcinomas.
Methods and results: The presence of galectins-1 and -7
was investigated using quantitative immunohisto-
chemistry in (i) a series of 78 HSCCs by comparison
with 17 normal epithelia (N_E), 26 low-grade dysplasia
(low_D) and 27 high-grade dysplasia (high_D) and
(ii) a series of 56 LSCCs by comparison with 50 N_E, 23
low_D and 29 high_D. Galectin-1 positivity expressed
as a percentage of cells was significantly higher in
carcinomas (HSCCs and LSCCs) than in N_E, low_D
or high_D (P < 10)6). Galectin-7 expression was
elevated in low_D (P = 0.0004) compared with N_E

and in carcinomas (HSCC) compared with high_D
(P = 0.0002). Tumour progression from high_D to
carcinomas was associated with a shift of galectin-1
localization from the nucleus towards the cyto-
plasm. Increased expression of galectin-7 in dysplasias
was accompanied by a shift from the cytoplasmic
compartment (N_E) to the nucleus (low_D and
high_D).
Conclusions: Our data reveal an association between
the level of presence of galectins-1 and -7 and
neoplastic progression of HSCCs and LSCCs. More-
over, inverse shifts between nuclear and cytoplas-
mic positivity intimating functional divergence were
detected.
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Introduction

(i) Head and neck squamous cell carcinomas (SCC) is
the sixth most common form of cancer worldwide and
has a dismal prognosis. Insights into the biochemical
nature of effectors in tumour progression provide an
opportunity to develop new strategies to interfere with
this process.1 With this end in mind, attention is
turning to the study of galectins, a family of endoge-
nous lectins with a wide range of extra- and intracel-
lular functions mediated by protein–carbohydrate and
protein–protein interactions.2–4 For the following rea-
sons it is promising and timely to investigate the closely
related homodimeric galectins-1 and -7, which figure
as potent pleiotropic regulators: expression of genes for
both proteins appear to be under the control of tumour
suppressors, with p16INK4a acting as the activator in
Capan-1 pancreatic carcinoma cells in the case of
galectin-1, and p53 in DLD-1 colonic carcinoma cells
and UVB-exposed epidermal keratinocytes for galectin-
7.5–7 In fact, galectin-7 has been referred to as
p53-induced gene 1;5

(ii) galectins-1 and -7 share caspase-independent
growth-inhibitory activity on SK-N-MC neuroblastoma
cells triggered by binding to ganglioside GM1 and potent
pro-apoptotic activity with different caspase profiles on
activated T cells.8–10 At the clinical level, the latter
activity accounts for clonal expansion of CD4 + CD7– T
leukaemic cells in Sézary syndrome, which are protected
from galectin-1-triggered cell death;11

(iii) galectin-1 as a pleiotropic effector is present in
the nucleus involved in pre-mRNA splicing and in
the cytoplasm, e.g. acting as stabilizer of oncogenic
H-Ras-GTP and enhancing cell transformation;12–14

(iv) modulation of gene expression levels for both
galectins has been described to cause a marked series of
secondary effects detected by microarrays, i.e. 44
changes more than threefold in Hela cells overexpress-
ing galectin-7 and 86 changes more than twofold in
U87 glioblastoma cells when down-regulating galectin-
1 expression;15,16

(v) butyrate increases galectin-1 expression concur-
rently with morphological changes and growth inhibi-
tion in MDA-886LN head and neck SCC cells (from
laryngeal lymph node metastasis).17 Initial data from a
murine model of skin carcinogenesis have revealed
low-level expression of galectin-7 in squamous or
spindle cell carcinoma, whereas SCC of the buccal
mucosa is associated with a 4.1-fold up-regulation of
galectin-7;18,19

(vi) the relationship of galectin-7 expression to
tumorigenesis or aggressiveness appears to depend on
the cell type: in bladder SCC it is related to degree of

differentiation, in chemical induction of rat mammary
carcinogenesis it serves as a positive marker, in
lymphoma it is related to dissemination and in thyroid
cancer development it shows bell-shaped down- and
up-regulation.20–23

Our previous report concerning stage IV hypopha-
ryngeal squamous cell carcinoma (HSCC) was the first
to demonstrate that high levels of galectin-7 expression
could be associated with rapid recurrence rates and a
dismal prognosis, features weakly observed with galec-
tin-1.24 We have also previously investigated the
prognostic value of these same galectins in a series of
laryngeal squamous cell carcinomas (LSCCs) and
shown that high levels of galectin-1 expression are
associated with a poor relapse-free and overall survival
rate.25 In the present study we have used quantitative
immunohistochemistry in a series of 78 cases of stage
IV HSCC and 56 cases of LSCC (stages I, II and IV) in
comparison with normal controls and dysplastic tissues
from peritumoral regions to address the following
questions: do the levels of expression of galectins-1
and -7 change with the course of the disease? What are
the cellular sites of positivity? Does the course of the
disease alter this parameter?

Materials and methods

patients’ characteristics

A total of 143 cases, including 81 patients with HSCC
and 62 patients with LSCC who underwent surgery
aimed at curative tumour resection, were studied (see
Table 1 for clinical data). These cases were obtained by
retrospective compilation (January 1989 to December
2001) from the records of the Ear, Nose and Throat
Department of the Hôpital Claude Huriez (Lille, France).
The description of tumour status was based on the
histological stage of tumour differentiation (criteria
defined in26) and the TNM classification.27 Detailed
information was available on extent of surgical resec-
tion, response to treatment at the primary tumour site,
as well as follow-up data up to the last contact with the
patient and the status of the disease at that moment.
Patients suffering from SCCs localized at other sites of
the head and neck area were excluded from the study.

antibodies

Human galectins-1 and -7 were produced in bacteria,
purified to homogeneity as shown by one- and two-
dimensional gel electrophoresis and mass spectrometry
and used as antigens for raising polyclonal antibodies.
The resulting IgG fractions were rigorously checked for
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cross-reactivity among this lectin family using human
galectins-1, -2, -3, -4, -7, -8 and -9 in Western blot and
enzyme-linked immunosorbent assays and chromato-

graphic affinity depletion was performed in any case of
positivity, followed by quality controls to ascertain
elimination of cross-reactivity as described.28

Table 1. Clinical data

Variable
High-stage
HSCCs

Low-stage
LSCCs

High-stage
LSCCs

Age (years)
Range 40–78 36–88 43–78

Average 55 57 57

Sex (cases)
Male 75 40 16

Female 3

Site (cases)
Supraglottic area 5 9

Glottic area 30

Supraglottic and glottic areas 5 4

Subglottic and glottic areas 3

Piriform sinus 60

Postcricoid area 16

Posterior wall 2

Histological grade (cases)
Well differentiated 40 34 10

Moderately differentiated 27 5 6

Poorly differentiated 11 1

Stage (cases)
Stage I 30

Stage II 10

Stage IV 78 16

Tumour treatment (cases)
CO2 laser cordectomy 8

Frontolateral laryngectomy 2

Vertical partial laryngectomy 4

Supracricoid partial laryngectomy 23 3

Supraglottic laryngectomy 3

Total laryngectomy 13

Partial pharyngolaryngectomy 9

Total pharyngolaryngectomy 51

Circular pharyngolaryngectomy 8

Oesopharyngolaryngectomy 10
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immunohistochemistry

All tumour samples were fixed for 24 h in 10% buffered
formaldehyde, dehydrated and routinely embedded in
paraffin. Immunohistochemistry was performed on
5 lm thick sections mounted on silane-coated glass
slides, as detailed previously.24 Before starting the
immunohistochemistry protocol, dewaxed tissue sec-
tions were briefly subjected to microwave pretreatment
in a 0.01 m citrate buffer (pH 6.0) for 2 · 5 min at
900 W. The sections were then incubated with a
solution of 0.4% hydrogen peroxide for 5 min to block
endogenous peroxidase activity, rinsed in phosphate-
buffered saline (PBS; 0.04 m Na2HPO4, 0.01 m KH2PO4

and 0.12 m NaCl, pH 7.4) and successively exposed for
20 min to solutions containing avidin (0.1 mg ⁄ ml in
PBS) and biotin (0.1 mg ⁄ ml in PBS) to avoid false-
positive immunoreactivity resulting from endogenous
biotin. After thorough washing with PBS, the sec-
tions were incubated for 20 min with a solution of
0.5% casein in PBS and sequentially exposed at room
temperature to solutions of (i) the specific primary anti-
galectin antibodies; (ii) the corresponding biotinylated
secondary antibody (polyclonal goat antirabbit IgG);
and (iii) the avidin–biotin–peroxidase complex (ABC
kit). Incubation steps were separated by thorough
washing to remove unbound proteins. Antigen-depen-
dent presence of the peroxidase complex in the sections
was visualized by incubation with the chromogenic
substrates containing diaminobenzidine and H2O2.
After rinsing, the sections were counterstained with
luxol fast blue and mounted with a synthetic medium.
To exclude antigen-independent staining, the incuba-
tion step with primary ⁄ secondary antibodies was
omitted from the protocol in controls. In all cases these

controls were negative. The biotinylated secondary
antibodies and ABC kit came from DakoCytomation
(Glostrup, Denmark).

definit ion of low- and high-grade epithelial

dysplasia

Morphological characteristics of dysplasia include
increased cellular density associated with a large
number of mitotic figures in the vicinity of the basal
layer, irregular maturation, loss of polarity, and
dyskeratosis. Cytologically, dysplasia is characterized
by an increased ratio of nuclear to cytoplasmic area,
anisocytosis, poikilocytosis, nuclear polymorphism,
chromatin condensation and large nucleoli, features
sometimes associated with atypical mitotic figures.
Low-grade dysplasia, comprising mild and moderate
dysplasia, presents atypical features extending over
the lower or middle third of the epithelium.29 High-
grade dysplasia, including severe dysplasia, and carcin-
oma in situ extends over the entire thickness of the
epithelium.29

computer-assisted microscopy

Following immunohistochemistry, the quantitative
levels of galectin expression were determined using a
computer-assisted KS 400 imaging system (Carl Zeiss
Vision, Hallbergmoos, Germany) connected to a Zeiss
Axioplan microscope, as detailed previously.24 For each
microscopic field, analysis was focused on the epithelial
region using computer-assisted morphometry after
interactive identification. In each case, 15 fields were
scanned covering a surface area ranging from 60 000
to 120 000 lm2. In each case, quantitative analysis of

Table 1. (Continued)

Variable
High-stage
HSCCs

Low-stage
LSCCs

High-stage
LSCCs

Treatment of the neck (cases)
Functional neck dissection 19 23

Radical neck dissection – 2

Recurrence (cases)
Local recurrence 17 3 4

Distant recurrence 11 3 7

Follow-up
Range (months) 2–122 2–130 5–74

Average (months) 37 43 30

HSCC, hypopharyngeal squamous cell carcinoma; LSCC, laryngeal squamous cell carcinoma.
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the immunohistochemistry for a given marker yielded
data on two variables: (i) the labelling index (LI), i.e.
the percentage of positive cells, and (ii) the mean
optical density (MOD), i.e. intensity of immunoreactiv-
ity of positive cells.24 For each case of dysplasia (low or
high grade), the respective fields within peritumoral
areas were defined by one of us (X.L.) specialized in this
diagnostic procedure.

data analysis

Independent groups of quantitative data were com-
pared using the non-parametric Kruskall–Wallis
(more than two groups) or Mann–Whitney U-tests
(two groups). In the case of more than two groups,
post hoc tests (Dunn procedure) were used to compare
pairs of groups (to avoid multiple comparison effects).
The relationships between the qualitative (or ordinal)
variables analysed (e.g. cytoplasmic location versus
nuclear and cytoplasmic location) were studied by
means of contingency tables. The significance of the
potential associations was evaluated by means of
the v2 or the exact Fisher’s test (in the 2 · 2 cases).
The standard survival time analyses were performed
using the Kaplan–Meier curves and the Gehan
generalized Wilcoxon test. Statistical analyses were
carried out using Statistica software (Statsoft, Tulsa,
OK, USA).

Results

express ion of galectin- 1 during tumour

progression of hypopharyngeal and

laryngeal sccs

The monitoring of different tissue samples revealed
that the clinical course toward hypopharyngeal and
laryngeal SCCs is characterized by different patterns
of immunolabelling (Figure 1). In normal epithelium
(N_E), galectin-1 was found in the cytoplasm of the
basal layer (71% of cases of hypopharyngeal N_E
and 78% of cases of laryngeal N_E) (Figures 1A,B
and 3A,B). The immunoreactivity of galectin-1 was
clearly different in carcinomas (HSCCs and LSCCs)
compared to N_E, low-grade dysplasia (low_D) or
high-grade dysplasia (high_D) (Figure 1). For clarity,
we describe below the comparison of all groups [N_E,
low_D, high_D and carcinoma (CA)] using the
non-parametric Kruskall–Wallis test and post hoc
comparisons used for pairs of groups are described
in Figures 2 and 4.

In the case of hypopharyngeal lesions, the use of two
different quantitative variables revealed a disparate

relationship to the clinical course. The MOD variable
showed no significant difference (Figure 2A), in con-
trast to the increased presence of galectin-1 when
measuring the percentage of immunopositive epi-
thelial cells (LI variable, Kruskall–Wallis: P < 10)6)
(Figure 2B). Interestingly, the progression was associ-
ated with a shift of the immunolabelling from the
nucleus to the cytoplasmic compartment exclusively
(Figure 1C,E,G) when comparing dysplasias (grouping
low_D or high_D) with hypopharyngeal carcinomas
(Fisher: P = 0.02) (Figure 3A). In quantitative terms,

A B

Galectin-1

Hypopharynx Larynx

C D

E F

G H

Figure 1. A–F, Immunopositivity profile for galectin-1 in hypophar-

ynx (A,C,E,G) and in larynx (B,D,F,H), respectively. The antigen was

localized in normal epithelium (N_E) (A), low-grade dysplasia (low_D)

(C), high-grade dysplasia (high_D) (E) in areas surrounding hypo-

pharyngeal carcinoma (CA) (G). B,D,F, Galectin-1 positivity in

N_E (B), low_D (D), high_D (F) in areas surrounding laryngeal

CA (H).
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46% of low_D (12 ⁄ 26) and 41% of high_D (11 ⁄ 27)
cases displayed nuclear expression of galectin-1, signi-
ficantly decreasing to 23% in HSCCs (18 ⁄ 78 cases).
We thus investigated if this latter group of cases
showing nuclear galectin-1 location could be statisti-
cally associated with particular clinical features. Our
analysis showed no significant association with any
of the clinical features detailed in Table 1 (data not
shown).

In the case of laryngeal lesions, both immunohisto-
chemical variables describing galectin-1 expression
were higher in carcinomas than in high_D, low_D or
N_E, reaching highly significant P-values for both MOD

and LI (Kruskall–Wallis: P < 10)6 for both) variables
(Figure 2C,D). Again, a shift of galectin-1 expression
was observed from the nucleus toward the cytoplasmic
compartment exclusively when comparing N_E with
dysplasias and LSCCs (Figure 3C). In fact, 22% of N_E
(8 ⁄ 37) displayed nuclear expression of galectin-1
against 6% (1 ⁄ 15) of low_D, 7% (2 ⁄ 29) of high_D
and 5% of LSCCs (3 ⁄ 56 cases), with a significant
difference appearing after grouping these latter three
(preneoplastic and neoplastic) categories (Fisher:
P = 0.01; Figure 3C). No significant relation was
observed between nuclear expression of galectin-1 in
CA and any clinical features (data not shown).
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Figure 2. Quantitative determination (by computer-assisted microscopy) of the percentages of galectin-1-immunopositive cells [the labelling

index (LI)] (B,D) and the extent of galectin-1 presence detected immunohistochemically [the mean optical density (MOD)] (A,C) in a series of 17

normal epithelia (N_E), 26 low-grade dysplasia (low_D), 27 high-grade dysplasia (high_D) and 78 H_CA (stage IV hypopharyngeal squamous

cell carcinomas) (A,B). C,D, Data on the same parameters in a series of 50 N_E, 23 low_D, 29 high_D and 56 laryngeal squamous cell

carcinomas (40 L_S CA: stages I and II, 16 H_S CA: stage IV) (C,D). Post hoc comparisons were used to compare pairs of groups indicated by the

arrow. If data of two or three cohorts are grouped together, these are indicated by a bracket. Each symbol (s) represents an individual value and

the horizontal line the median.
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express ion of galectin- 7 during tumour

progression of hypopharyngeal and

laryngeal sccs

By using home-made antibody preparations rigorously
controlled to lack cross-reactivity among human
galectins, we were able to determine unambiguously
the presence of the homodimeric galectin-7 closely
related to galectin-1. Globally, its presence in tissue was
characterized by immunolabelling patterns different
from those of galectin-1, established in the course of
tumour progression of hypopharyngeal and laryngeal
SCCs (Figure 4). In N_E, weak to moderate galectin-7
immunolabelling was observed essentially distributed
in the cytoplasm of basal and suprabasal layers (87% of
hypopharyngeal N_E and 100% of laryngeal N_E)
(Figure 3B,D). Early in the course of tumour develop-
ment, the intensity of positivity and ⁄ or LI increased
from N_E to low_D and high_D associated with the
appearance of nuclear labelling (Figures 3B,D, 4C–F
and 5). Whereas the nuclear labelling decreased in
SCCs, galectin-7 expression levels remained high in

carcinomas and even increased in high-stage HSCCs
(Figure 5B).

In hypopharyngeal lesions, increased expression of
galectin-7 is associated with both the percentage of
immunopositive epithelial cells (LI variable, Kruskall–
Wallis: P < 10)6) and the intensity of reactivity
of positive cells (MOD variable, Kruskall–Wallis:
P = 0.002) (post hoc comparisons are detailed in
Figure 5A,B). Similar observations were recorded
for laryngeal lesions (LI variable, Kruskall–Wallis:
P < 10)6; MOD variable, P < 10)6) (Figure 5C,D).
When we compared the nuclear ⁄ cytoplasmic distribu-
tion of galectin-7 immunolabelling, highly significant
variations were observed among the different groups
for both hypopharyngeal (v2: P < 10)6) and laryngeal
(v2: P = 0.00007) lesions (Figure 3B,D). Particularly
among hypopharyngeal lesions, 82% of the cases of
low_D (18 ⁄ 22) and 84% of the cases of high_D
(21 ⁄ 25) were characterized by nuclear expression of
galectin-7. The situation was different in tumours. The
extent of nuclear expression was greatly decreased in
the cases of hypopharyngeal carcinoma, in which only

100%

P = 0.02

N_E Low_D High_D CA

75%

50%

25%

Hypopharynx

Galectin-1
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N_E Low_D High_D CA

100%
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Galectin-1

P = 0.01 

B

N_E Low_D High_D CA
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location100%
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25%

Galectin-7

P < 10–6
C

N_E Low_D High_D CA

100%

75%

50%

25%

P = 0.00007

Galectin-7
D

Figure 3. Dysplasias (low_D and high_D) present a galectin-1-dependent nuclear labelling that decreases significantly in hypopharyngeal

carcinoma (CA) (A). In laryngeal squamous cell carcinomas, dysplasias and CA reveal a significant shift of immunoreactivity from the nucleus to

the cytoplasm (C). Increased intensity of positivity for galectin-7 is associated in dysplasias with the presence of nuclear labelling (B,D).

Galectin up-regulation in tumour progression 489

� 2008 The Authors. Journal compilation � 2008 Blackwell Publishing Ltd, Histopathology, 52, 483–493.



24% displayed nuclear positivity (19 ⁄ 78) (Figure 3B).
As described in our previous report24, the percentages
of nuclear galectin-7-immunopositive cells decreased
significantly in parallel with the loss of histological
differentiation (Kruskal–Wallis test: P = 0.004) and
with the presence of nodal metastases (Mann–Whitney
test: P = 0.01). Our observations were similar for
laryngeal CA, with 26% of the cases of low_D and
28% of high_D displaying nuclear reactivity, whereas
0% of N_E and 7% of CA exhibited such reactivity
(Figure 3D). In laryngeal CA, analysis showed no
significant relationship between nuclear expression of

galectin-7 in CA and any clinical features (data not
shown).

Discussion

This study has combined the quantitative immunohis-
tochemical analysis of two pleiotropic regulators from a
family of endogenous lectins and yielded data about
significant up-regulation of galectin in the course of
tumour progression. Our results confirm the crucial
implications of galectins-1 and -7 during the progres-
sion of head and neck SCC (see review30). Previously,
we have determined the immunohistochemical expres-
sion of galectins-1, -3 and -7 in a series of stage IV
HSCCs and observed that high levels of galectin-7
expression are associated with rapid recurrence rates
and a dismal prognosis.24 These data suggest that
the immunohistochemical determination of galectin-7
expression in the case of high-risk hypopharyngeal
cancers is a meaningful tool to identify patients who
might benefit from aggressive postsurgical adjuvant
therapy.24 Moreover, the level of expression of galectin-
1 contributes to the prognosis of the recurrence of
laryngeal tumours and, to a lesser extent, of pharyn-
geal tumours after surgery, and to patients’ survival
prospects.24,25 Elevation of galectin-1 levels in LSCCs
could contribute to the process of tumour development
by killing activated T cells and by promoting motility or
activity of oncogenic H-Ras proteins.25 The quanti-
tative determination of galectin-1 in LSCCs is an
independent prognostic marker and could potentially
identify patients unlikely to benefit from T-cell-
mediated immunotherapy. Answering the second and
third questions posed at the end of the Introduction, the
intracellular profiles of immunoreactivity of galectins-1
and -7 were found to depend on disease status, with
disparate shifts between cytoplasmic and nuclear
positivity. Thus far, focus on nuclear presence had
been given to galectins-1 and -3, and cell transfectants
have been the main source of information on the
nuclear presence of galectin-7.15,31 Herein, we have
documented that initiation of tumorigenesis in this
cancer type is associated with nuclear localization of
galectin-7. In carcinomas it is shifted back to cyto-
plasmic sites. In contrast, the presence of galectin-1
occurred in cell nuclei in the course of malignant
progression. Backed by evidence from colonic cancer
progression and the study of epithelial dysplasia of bile
ducts and intrahepatic cholangiocarcinoma, increase
in intracellular binding activity for b-galactosides or
in the presence of galectin-1 thus appears to be a
factor also favouring malignancy in HSCCs and
LSCCs.32–35 This result is in marked contrast to

A B

C D

E F

G H

Galectin-7

Hypopharynx Larynx

Figure 4. Immunopositivity profile for galectin-7 in the hypopharynx

(A,C,E,G) and larynx (B,D,F,H), respectively. Nuclear immuno-

labelling of galectin-7 is characteristic of low-grade dysplasia

(low_D) and high-grade dysplasia (high_D) (C–F). A high level of

expression in tumour progression of hypopharyngeal squamous

cell carcinomas and laryngeal squamous cell carcinomas was

detectable (A–H).
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carbohydrate-dependent growth-inhibitory cell surface
activities.7–11,35 Whether a pro-progression interplay
between nuclear p53 and galectin-7 may be involved,
as intimated by the increased presence of p53 in oral
and laryngeal lesions,36,37 warrants further study.

Our results and the previously detected bell-shaped
down- and up-regulation of galectin-7 expression in
thyroid cancer22 explain the increasing interest in the
biochemical pathways underlying a role in tumour
progression. Interestingly, galectin-7, by virtue of its
lectin activity, induces increases in matrix metallo-
proteinase-9 production in lymphoma cells and marked
effector activity on gene profiles is known for both
galectin-1 and -7 from genetically engineered cell
models.15,16,23 It seems likely on the basis of the present
results that these galectins may be engaged in protein–
protein recognition, in turn defining new targets for

intervention. Chemical library approaches have already
proven their value in developing peptide-based inhibi-
tors.38 They can be introduced for tests in cell models of
this tumour class. Because work with cell lines and
clinical material can lead to results which are not
readily reconcilable, as illustrated recently for galectin-
3 and breast cancer,39 it is crucial to select models with
properties in line with the data of this analysis using
clinical material, also considering intratumoral hetero-
geneity. In this sense, our study provides a guideline for
further work and also underscores the need to bear in
mind the network character of galectin functionality.
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Figure 5. Quantitative determination of the percentages of galectin-7-immunopositive cells [the labelling index (LI)] (B,D) and the extent of

galectin-7 presence detected immunohistochemically [the mean optical density (MOD)] (A,C) in a series of 78 H_CA (A,B) and 56 laryngeal

squamous cell carcinomas (C,D) and their surrounding normal epithelium (N_E), low-grade dysplasia (low_D) and high-grade dysplasia

(high_D). The rest of the legend is identical to that of Figure 2.
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