
Supplementary Table 1 Developmental phenotypes observed in Sprouty gain of function, loss-of-function or misexpression analysis

Species
SpryK/K pheno-

type
Subcellular
localization

Gain of
function Description References

Sprouty
Spry2K/K Mouse Severely hearing

impaired (severe
congenital
hearing loss)

Deiters’ cells
(ear)

Lack of Spry2 results in
dramatic perturbations in
organ of Corti cytoarchitec-
ture: instead of two pillar
cells, there are three,
resulting in the formation of
an ectopic tunnel of Corti.
These effects are due to a
postnatal cell fate transfor-
mation of a Deiters’ cell into
a pillar cell. Antagonism of
FGF signaling by SPRY2 is
essential for establishing the
cytoarchitecture of the
organ of Corti and for
hearing

Shim et al.
(2005)

Diastema teeth
(formation of
teeth in a region,
called the
diastema that is
normally tooth-
less). Excessively
long and thick
mandibular
incisors that
resembled tusks
(also see Spry4)

Epithelium
(teeth)

Loss of Spry2 function results
in the development of
diastema teeth by causing
increased sensitivity of
diastema bud epithelium to
FGF signaling

Klein et al.
(2006)

The excessive length and
thickness of the tusk-like
incisors might be due to
deposition of bilateral lin-
gual enamel, which would
both thicken the mutant
incisors and make them
resistant to abrasion

Klein et al.
(2008)

Do not exhibit any
defects in kidney
induction (also
see Spry1)

Wolffian duct Basson
et al.
(2005)

During early
ocular morpho-
genesis strong
expression in the
head ectoderm
and optic
vesicle, prior to
lens induction,
lens epithelial
and fiber cells
(early post natal)
(also see Spry1)

Contributing to the mainten-
ance of the distinct patterns
of lens cell behavior (lens
cell proliferation and fibre
cell differentiation)

Boros et al.
(2006)

Spry2K/K Mouse Facial morpho-
genesis, abnor-
mal progression
of shape change
and movements

Palate defect, excessive
cell proliferation in the
Spry2K/K deficient palate.
Disruptions in normal Spry2
signaling may contribute to
some types of craniofacial
birth defects in humans

Welsh et al.
(2007)
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Species
SpryK/K pheno-

type
Subcellular
localization

Gain of
function Description References

Spry2K/K Esophageal
achalasia and
intestinal
motility
disorders based
on neuronal
intestinal
dysplasia, gang-
lioneuromatosis
and hypergan-
glionosis

Spry2K/K mice suffered from
enteric nerve hyperplasia
and hypergangliosis result-
ing in esophageal achalasia,
dilated esophagus, intes-
tinal pseudo-obstruction,
and abnormal physiology of
the digestive motility
system. This was dependent
on GDNF, suggesting that
SPRY2 also negatively
regulates GDNF/RET
signaling

Taketomi
et al.
(2005)

Sirna S2 Early placental
formation

Expressed
throughout
the three
trimesters by
placental
villous
macrophages
(Hofbauer
cells (HC))

Reduction of Spry2 expression
in villous explants showed
a marked increase in villous
outgrowths. Trophoblast
outgrowth and invasion
(part of placental villi
sprouting) at the fetal
maternal interface is in part
under delicate control of
FGF 10 and SPRY 2

Natanson-
Yaron et al.
(2007)

Spry1K/K Mouse Pillar cells (ear) Shim et al.
(2005)

Spry1K/K Defects in kidney
development

Wolffian duct Spry1K/K embryos have
supernumerary ureteric
buds, resulting in the
development of multiple
ureters and multiplex
kidneys due to increased
sensitivity of the Wolffian
duct to GDNF/RET
signaling

Basson et al.
(2005)

Normal dentition Mesenchyme
and epi-
thelium
(teeth)

Klein et al.
(2006)

Lens epithelial
and fiber cells
(throughout
embryonic
and fetal
development)

Promotes the lens epithelial
phenotype, maintaining
lens cellular architecture

Boros et al.
(2006)

Spry4K/K Mouse Mice died shortly
after birth due
to mandible
defects

Taniguchi
et al.
(2007)

Growth retardation Congenital condition in which
multiple fingers or toes are
webbed

Polysyndactyly ERK activation was sustained
in Sprouty4 KO mouse
embryonic fibroblasts
(MEFs) in response to FGF

Diastema teeth
(also see Spry2)

Mesenchyme
(teeth)

Loss of SPRY4 function results
in diastema tooth forma-
tion, due to hypersensitivity
of diastema bud mesench-
yme to FGF signaling

Klein et al.
(2006)
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Species
SpryK/K pheno-

type
Subcellular
localization

Gain of
function Description References

Spry2K/K and
Spry4K/K
double KO
Spry2K/K and
Spry4K/K
double KO

Mouse Embryonic lethal
defects in
craniofacial,
limb, and lung
morphogenesis

Severe craniofacial anomalies
including exencephaly and
a collapse of the facial
midline, reminiscent of
holoprosencephaly

Taniguchi
et al.
(2007)

Dspry Drosophila Spry null mutants have an
‘overactive’ FGF signaling
pathway, inducing
increased numbers of cells
situated outside the normal
range of FGF

Hacohen
et al.
(1998)

Loss of sprouty results in the
recruitment of supernumer-
ary cells of each type in the
ommatidium, as a result of
overstimulation of the EGF
pathway

Kramer et al.
(1999)

Sprouty1 anti-
sense oligonu-
cleotides

Reduced condensation of the
metanephric mesenchyme,
leading to a decreased
number of glomeruli. In
embryonic kidney explants
and antisense-treated ure-
teric trees had cystic lumens

Gross et al.
(2003)

Xtspry 1 & 2 mis-
expression

Xenopus Mesoderm forma-
tion and cell
movements
during gastrula-
tion

Resulted in shortened embryos
and inhibited morphogenic
movements but left meso-
derm formation intact.
FGFR-dependent MAPK
activation was only weakly
affected, but PKCd acti-
vation and Ca2C signaling
were strongly inhibited

Sivak et al.
(2005)

Spry2 Mouse SPRY proteins are
involved in med-
iating the sexu-
ally dimorphic
signaling of FGF9
and controlling
cell migration
from the mesone-
phros during tes-
tis development

Gain of Spry2 function in the
male genital ridge and
mesonephros malformed
the vas deferens and epidi-
dymis, and diminished the
number of seminiferous
tubules and interstitium
associating with reduced
mesonephric cell migration
and FGF9 expression in
embryonic testis

Chi et al.
(2006)

MSPRY2 Chicken Morphological con-
sequences of
SPRY2 overex-
pression –
specific: all of the
facial promi-
nences were
truncated

Despite this gross malfor-
mation, the programs of
osteogenesis and chondro-
genesis were not impaired.
Suggest that Sprouty2 plays
a role in the outgrowth of
facial prominences inde-
pendent of canonical FGF
signaling

Goodnough
et al.
(2007)

Spry2-BAC trans-
gene

Spry2-BAC transgenic mouse
lines expressing reduced
levels of Spry2 show
complete rescue of facial
clefting and dosage-
dependent rescue of the
palatal defect

Welsh et al.
(2007)
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Species
SpryK/K pheno-

type
Subcellular
localization

Gain of
function Description References

SPRY1 Human Heart expressed
in microvas-
culature

Upregulation of Sprouty1 in
endothelial cells led to a
significant decrease in
VEGF-induced endothelial
cell proliferation.

Huebert et al.
(2004)

SPRY Chicken Overexpression of
SPRY in the
developing limb
bud results in
inhibition of cell
differentiation

Displaying a comparable
phenotype to that reported
in FGF null mutants

Minowada
et al.
(1999)

Ms2-antisense
oligonucleotide

Increase in
embryonic
murine lung
branching
morphogenesis

Significant increase in
expression of the lung epi-
thelial marker genes. Sup-
port the conservation of
function between the Dro-
sophila and mammalian
sprouty gene families to
negatively modulate respir-
atory organogenesis

Tefft et al.
(1999)

Spry4 In pancreatic
b- cells

Inducible
expression of
mspry4: signi-
ficant reduction
in islet size, an
increased num-
ber of a-cells per
islet area, and
impaired islet cell
type segregation

Mspry4 represses adhesion
and migration of differen-
tiating pancreatic endocrine
cells, most likely by affect-
ing the subcellular local-
ization of the protein
tyrosine phosphatase PTP1B

Jäggi et al.
(2008)

Spry genes 1, 2 and 4 are expressed in several developing organs of the craniofacial area and trunk, including the brain, cochlea, nasal organs, teeth, salivary
gland, lungs, digestive tract, kidneys and limb buds. In organs such as the semicircular canal, Rathke’s pouch, nasal organs, the follicle of vibrissae and teeth,
Spry1 and Spry2 are expressed in the epithelium and Spry4 in the mesenchyme or neuronal tissue, while in the lung Spry1, 2 and 4 are all expressed mainly in the
epithelial tissue. In the kidney, Spry1 is prominent in the ureteric bud, whereas Spry2 and 4 are expressed in both the ureteric bud and the kidney mesenchyme
and glomeruli deriving from it. The expression profiles suggest roles for these Spry isoforms in the epithelial-mesenchymal interactions that govern organogenesis
(Zhang et al. 2001).
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