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Abstract

Background: A proper balance between the activator and the repressor form of GLI3, a zinc-finger transcription
factor downstream of hedgehog signaling, is essential for proper development of various organs during
development. Mutations in different domains of the GLI3 gene underlie several congenital diseases including
Greig cephalopolysyndactyly syndrome (GCPS) and Pallister-Hall syndrome (PHS).

Case presentation: Here, we describe the case of an overlapped phenotype of these syndromes with agenesis of
the gallbladder and the pancreas, bearing a c.2155 C > T novel likely pathogenic variant of GLI3 gene by missense
point mutation causing p.P719S at the proteolytic cleavage site.

Conclusions: Although agenesis of the gallbladder and the pancreas is uncommon in GLI3 morphopathy, a slight
difference in the gradient or the balance between activator and repressor in this case may hinder sophisticated
spatial and sequential hedgehog signaling that is essential for proper development of gallbladder and pancreas
from endodermal buds.
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Background
GLI3 is a zinc-finger transcription factor that mediate the
sonic hedgehog (SHH) signaling acting as both a transcrip-
tional activator and repressor during development [1, 2].
When the SHH is present, full-length GLI3 up-regulates
its target genes, whereas when the SHH is absent, GLI3 is
cleaved to yield a repressor that down-regulates those
genes [3]. The pathogenic variants of GLI3 gene cause
various malformations including Greig cephalopolysyndac-
tyly (GCPS) syndrome [2] and Pallister-Hall syndrome
(PHS) [4] in an autosomal dominant pattern. Although
GCPS and PHS have some distinct clinical presentations

(GCPS is characterized by polysyndactyly, macrocephaly,
hypertelorism, and PHS is characterized by hypothalamic
hamartoma, bifid epiglottis, and insertional polydactyly),
the apparent lack of GLI3 genotype-phenotype correlation
occasionally precludes clear phenotypic classification [5].
Described here is a case of an overlapped GCPS and PHS
phenotype with agenesis of the gallbladder and the
pancreas, bearing a novel likely pathogenic GLI3 variant
by point mutation.

Case presentation
The 31-year-old woman, gravida-1 para-1, with no apparent
risk factors for congenital anomaly, achieved natural preg-
nancy. Oligohydramnios and intrauterine growth restriction
was, however, noted at 14 weeks of gestation. Amniocen-
tesis, carried out at 16 weeks of gestation for chromosomal
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analyzes, revealed a normal 46, XY male karyotype pattern.
At 30 weeks of gestation, echographic examination revealed
loss of fetal movement; intrauterine fetal death was con-
firmed 3 days thereafter, and the fetus was delivered by
artificial abortion.

Autopsy findings
Autopsy carried out 2 h after delivery of the 600 g still-
born revealed multiple systemic malformations. Macro-
scopic autopsy findings are summarized in Table 1. The
stillborn demonstrated a proportionally unbalanced,
large head with acrocephaly (Fig. 1a), postaxial polysyn-
dactyly (Fig. 1b and c), gastrointestinal malformations
including malrotation and atresia of the anus, agenesis
of the gallbladder (Fig. 1d) and the pancreas, hypoplasia
of both kidneys (Fig. 1e), and the endocrine organs. Ex-
cept these malformations, histopathological alteration of
other major organs such as heart, liver, and bone was
not noted. In view of these macroscopic features sug-
gestive of GCPS or PHS, mutation of the GLI3 gene was
analyzed. Routinely formalin-fixed (10%) and paraffin-
embedded archival samples of infant thymus tissue
samples obtained from Kobe University Hospital
(Kobe, Hyogo) deparaffinized with xylene, suspended
in 5 μl of 1 × TE and then mixed with pre-warmed and
liquefied low-melting agarose (3.2%) at 1:1. A total of
10 μl of agarose beads containing 1 × TE and tissue
fragments was formed in 250 μl of pre-chilled mineral
oil, and then incubated at 50 °C overnight in 1000 μl of
200 μg/ml proteinase K, 10 mM Tris-HCl (pH 8.0) and
25 mM ethylene diamine tetraacetic acid. Bead fragments
were washed in 1 × TE, sliced into several pieces, and ana-
lyzed by PCR using sets of primers encompassing all
known coding exons and exon–intron boundaries of the
GLI3 gene. Primers were designed as described [6]. The
PCR mixture contained Mighty AMP® DNA polymerase
(Takara, Tokyo, Japan) and bead fragments in a final
volume of 25 μl. The PCR products were electrophoresed
in a 3% agarose gel and stained with ethidium bromide.
Purified PCR products were cloned into TA-vector, and
amplified plasmids were analyzed for the DNA sequence.
Each PCR product was analyzed by sequencing, and the
missense mutation (c.2155 C > T) leading to p.P719S was
detected in 6 of 12 independent clones from PCR

targeting exon 6, which altered the amino acid property
from hydrophobic (Proline, P) to hydrophilic (Serine, S)
within the proteolytic cleavage (PC) site of GLI3 (Fig. 2).
Because this missense mutation was absent in both
parents (data not shown), without family history of
GCPS or PHS, and non-maternity factors like egg do-
nation, surrogate motherhood, and errors in embryo
transfer, the c.2155 C > T mutation probably occurred
de novo in the fetus, albeit parental germline mosaicism
cannot be ruled out.

Discussion
GLI3 comprises several functional domains: repressor
domain (RD, aa106-aa263), zinc-finger DNA binding
domain (ZNF, aa462-aa645), proteolytic cleavage site
(PC, aa703-aa740), CREB binding protein domain (CBP,
827-1131), transactivation domain 2 (TA2, aa1044-aa1322)
and transactivation domain 1 (TA1, aa1376- aa1580), [7, 8].
GLI3 has a dual function as a transcriptional activator and
a repressor of the SHH pathway — the full-length GLI3
acts as an activator after phosphorylation and nuclear
translocation, while its C-terminally truncated form by
protease clearage acts as a repressor [3, 9, 10]. A proper

Table 1 Macroscopic findings

Endocrine organs Thyroidal atrophy, adrenal atrophy

Digestive organs Malrotation of intestine, atresia of
anus, agenesis of gallbladder, agenesis
of pancreas

Urinary organs Bilateral hypoplasia of kidney

Genitals Bilateral cryptorchidism, external genitalia
hypoplasia, and hypospadias

Others Postaxial polysyndactyly, and polysplenia,

a

b c

d e
Fig. 1 Macroscopic findings at autopsy. The stillborn had a
proportionally unbalanced, large head with acrocephaly (a). Postaxial
polysyndactyly of the right hand was noted (b) and (c, photography
by soft X-ray). While the shape and size of the liver were normal, the
gallbladder was nonexistent at the hepatic portal section (d, hatched
area). Hypoplasia of both kidneys (e) was noted (arrows)

Ito et al. Diagnostic Pathology  (2018) 13:1 Page 2 of 4



balance between the GLI3 activator and the repressor, orga-
nized by hedgehog signaling, elicits proper evolvement of
the various organs during development [11–13]. Pathogenic
variants in different domains of the gene underlie several
congenital diseases including GCPS (MIM ID#175700),
PHS (MIM ID #146510), preaxial polydactyly type IV
(MIM ID #174700), and postaxial polydactyly types A1 and
B (MIM ID #174200), Acrocallosal Syndrome (MIM ID
#200990), trigonocephaly with craniosynostosis and poly-
dactyly, and some types of oral-facial-digital syndromes
[14]. Typical GCPS involves polysyndactyly of hands and
feet, and craniofacial abnormality. Different genetic alter-
ations (from chromosomal deletion to a single nucleic acid
mutation in the ZNF domain that reduces the functioning
of both the activator and repressor forms of the GLI3 pro-
tein) cause GCPS [15]. PHS, on the other hand, shows a le-
thal condition involving hypothalamic dysfunction, skeletal
limb defects, craniofacial and urogenital malformation at-
tributed to pathogenic variants of GLI3 gene, typically
within or around the PC domain of the GLI3 protein,
resulting in a relative reduction in the functioning of the
GLI3 repressor form [16]. Since a delicate balance between
the functioning activator and repressor is essential for
proper development [2, 17, 18], the simple location of the
pathogenic variants in GLI3 site does not always clearly
correlate with the clinical manifestations [19]. Also, some
pathogenic variants cause overlapping phenotypes of GCPS

and PHS [19]. Therefore, the concept of GLI3 morphopa-
thies has been postulated to designate these mutually over-
lapped syndromes [5].
In the current study, we demonstrated a case of GLI3

morphopathy attributed to a novel likely pathogenic
variant by missense mutation at the PC domain
(p.P719S) of GLI3 (variant was judged as likely patho-
genic based on the criteria by American College of
Medical Genetics and Genomics and the Association for
Molecular Pathology, ACMG standards and guidelines
[20]). Indeed, in silico predictions of the newly found
variant (p.P719S) of GLI3 gene via the predictive algo-
rithms (PolyPhen-2, http://genetics.bwh.harvard.edu/pph2)
shows that this mutation is predicted to be “PROBABLY
DAMAGING” with a score of 0.963 (sensitivity: 0.78; spe-
cificity: 0.95).Interestingly, besides gastrointestinal malfor-
mations, agenesis of both the gallbladder and the pancreas
was observed. During the early stages of organogenesis, the
liver, the gallbladder and the biliary duct system arise as
buds in the endodermal epithelium at the distal end of the
foregut. A small caudal portion of the liver bud then ex-
pands to form the gallbladder [21]. The pancreas develops
also from the endodermal epithelium of the duodenal di-
verticula, initially as two separate dorsal and ventral pan-
creatic buds, which then fuse when the duodenum rotates
[22]. SHH signaling is expressed in the ventral foregut
endoderm from which the liver derives, and its expression
disappears at the onset of liver bud formation [21, 22].
Such sophisticated spatial and sequential SHH signaling is
essential for proper organ development from these
endodermal buds. Because we have not done compre-
hensive genomics study, possibility of coincidental
additional pathogenic variants in Pdx1, Ptf1a, Gata4
and Gata6, known to be associated with agenesis of
pancreas [23], cannot be excluded in this case. Although it
remains unclear why agenesis of the gallbladder and the
pancreas is uncommon in GLI3 morphopathy, a slight dif-
ference in the gradient or the balance between activator
and repressor induced by a slight difference of protein ter-
tiary structure may contribute to the apparent phenotypic
difference in GLI morphopathy.

Conclusion
In conclusion, this case is an extreme example in which
slight difference of genetic alterations in the same gene
may result in considerable morphological variations,
when sophisticated spatial and sequential expression of
the gene is essential and critical for proper development.

Abbreviations
CBP: CREB binding protein domain; GCPS: Greig cephalopolysyndactyly
syndrome; PC: Proteolytic cleavage site; PCR: Polymerase chain reaction;
PHS: Pallister-Hall syndrome; SHH: Sonic hedgehog; TA: Transactivation
domain; ZNF: Zinc-finger DNA binding domain

Fig. 2 PCR was conducted with the use of agarose beads from
paraffin sections as templates. Each PCR product was cloned into
TA-vector, and amplified plasmids were analyzed for the DNA sequence.
A missense mutation (c.2155 C > T) leading to p.P719S was detected in
6 of 12 independent clones from PCR targeting exon 6. By this missense
mutation, an amino acid property is changed from hydrophobic
(Proline, P) to hydrophilic (Serine, S) within the proteolytic cleavage
(PC) site of GLI3 (blue arrow in upper panel). Typical location of
pathogenic variants of GLI3 gene for GCPS (green bar) and PHS (red bar)
are illustrated according to the report by Demurger F et al. [19]

Ito et al. Diagnostic Pathology  (2018) 13:1 Page 3 of 4

http://genetics.bwh.harvard.edu/pph2


Acknowledgements
The authors are sincerely grateful to Ms. Yuki Takaoka and Ms. Chie Shiraishi
for their technical assistance.

Funding
SK and RK receive research support from the Ministry of Education, Culture,
Sports, Science and Technology of Japan (KAKENHI, #16H05161 and 15 K08426,
respectively).

Availability of data and materials
Please contact the Authors for data requests.

Authors’ contributions
SI designed the study, carried out the experiments and drafted the manuscript;
RH, TK, AO, YU carried out the histopatologic evaluation. RK performed molecular
pathological interpretation of the case. SK organized whole study and wrote the
manuscript. All authors read and approved the final manuscript.

Authors’ information
None

Ethics approval and consent to participate
All procedures followed were in accordance with the ethical standards of the
ethical committee of the Ehime University Hospital on human experimentation
and with the Helsinki Declaration of 1964 and later versions.

Consent for publication
Written informed consent for publication of their clinical details and/or
clinical images was obtained from the relatives of the patient. A copy of the
consent form is available for review by the Editor of this journal.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Molecular Pathology, Ehime University Graduate School of
Medicine, Shitsukawa, Toon City, Ehime 791-0295, Japan. 2Division of
Diagnostic Pathology, Ehime University Hospital, Toon City, Ehime 791-0295,
Japan. 3Division of Legal Medicine, Kobe University Graduate School of
Medicine, Kobe City, Hyogo 650-0017, Japan.

Received: 16 May 2017 Accepted: 22 December 2017

References
1. Marigo V, Johnson RL, Vortkamp A, Tabin CJ. Sonic hedgehog differentially

regulates expression of GLI and GLI3 during limb development. Dev Biol.
1996;180(1):273–83. doi:https://doi.org/10.1006/dbio.1996.0300. PubMed
PMID: 8948590

2. Vortkamp A, Gessler M, Grzeschik KH. GLI3 zinc-finger gene interrupted by
translocations in Greig syndrome families. Nature. 1991;352(6335):539–40.
doi:https://doi.org/10.1038/352539a0. PubMed PMID: 1650914

3. Wang B, Fallon JF, Beachy PA. Hedgehog-regulated processing of Gli3
produces an anterior/posterior repressor gradient in the developing
vertebrate limb. Cell. 2000;100(4):423–34. PubMed PMID: 10693759

4. Biesecker LG. Pallister-Hall Syndrome. In: Pagon RA, Adam MP, Ardinger HH,
Wallace SE, Amemiya A, Bean LJH, et al., editors. GeneReviews(R). Seattle
(WA)1993.

5. McDonald-McGinn DM, Feret H, Nah HD, Bartlett SP, Whitaker LA, Zackai EH.
Metopic craniosynostosis due to mutations in GLI3: a novel association. Am
J Med Genet A. 2010;152A(7):1654–60. doi:https://doi.org/10.1002/ajmg.a.
33495. PubMed PMID: 20583172

6. Wild A, Kalff-Suske M, Vortkamp A, Bornholdt D, Konig R, Grzeschik KH. Point
mutations in human GLI3 cause Greig syndrome. Hum Mol Genet. 1997;
6(11):1979–84. PubMed PMID: 9302279

7. Walterhouse D, Ahmed M, Slusarski D, Kalamaras J, Boucher D, Holmgren R,
et al. Gli, a zinc finger transcription factor and oncogene, is expressed
during normal mouse development. Dev Dyn. 1993;196(2):91–102. doi:
https://doi.org/10.1002/aja.1001960203. PubMed PMID: 8364225

8. Krauss S, So J, Hambrock M, Kohler A, Kunath M, Scharff C, et al. Point
mutations in GLI3 lead to misregulation of its subcellular localization. PLoS
One. 2009;4(10):e7471. doi:https://doi.org/10.1371/journal.pone.0007471.
PubMed PMID: 19829694; PubMed Central PMCID: PMCPMC2758996

9. Dai P, Akimaru H, Tanaka Y, Maekawa T, Nakafuku M, Ishii S. Sonic
hedgehog-induced activation of the Gli1 promoter is mediated by GLI3. J
Biol Chem. 1999;274(12):8143–52. PubMed PMID: 10075717

10. Cao T, Wang C, Yang M, Wu C, Wang B. Mouse limbs expressing only the
Gli3 repressor resemble those of sonic hedgehog mutants. Dev Biol. 2013;
379(2):221–8. doi:https://doi.org/10.1016/j.ydbio.2013.04.025. PubMed PMID:
23644062; PubMed Central PMCID: PMCPMC3707282.

11. Bok J, Dolson DK, Hill P, Ruther U, Epstein DJ, Wu DK. Opposing gradients of
Gli repressor and activators mediate Shh signaling along the dorsoventral
axis of the inner ear. Development. 2007;134(9):1713–22. doi:https://doi.org/
10.1242/dev.000760. PubMed PMID: 17395647

12. Li J, Wang C, Pan Y, Bai Z, Wang B. Increased proteolytic processing of full-
length Gli2 transcription factor reduces the hedgehog pathway activity in
vivo. Dev Dyn. 2011;240(4):766–74. doi:https://doi.org/10.1002/dvdy.22578.
PubMed PMID: 21337666; PubMed Central PMCID: PMCPMC3071291.

13. Qin J, Lin Y, Norman RX, Ko HW, Eggenschwiler JT. Intraflagellar transport
protein 122 antagonizes sonic hedgehog signaling and controls ciliary
localization of pathway components. Proc Natl Acad Sci U S A. 2011;108(4):
1456–61. doi:https://doi.org/10.1073/pnas.1011410108. PubMed PMID:
21209331; PubMed Central PMCID: PMCPMC3029728

14. Al-Qattan MM, Shamseldin HE, Salih MA, Alkuraya FS. GLI3-related
polydactyly: a review. Clin Genet. 2017; doi:https://doi.org/10.1111/cge.
12952. PubMed PMID: 28224613

15. Biesecker LG. Greig Cephalopolysyndactyly Syndrome. In: Pagon RA, Adam
MP, Ardinger HH, Wallace SE, Amemiya A, Bean LJH, et al., editors.
GeneReviews(R). Seattle (WA)1993.

16. Hall JG. The early history of Pallister-hall syndrome-buried treasure of a sort.
Gene. 2016;589(2):100–3. doi:https://doi.org/10.1016/j.gene.2016.01.003.
PubMed PMID: 26768579

17. Motoyama J. Essential roles of Gli3 and sonic hedgehog in pattern
formation and developmental anomalies caused by their dysfunction.
Congenit Anom (Kyoto). 2006;46(3):123–8. doi:https://doi.org/10.1111/j.1741-
4520.2006.00114.x. PubMed PMID: 16922918

18. Lei Q, Zelman AK, Kuang E, Li S, Matise MP. Transduction of graded
hedgehog signaling by a combination of Gli2 and Gli3 activator functions
in the developing spinal cord. Development. 2004;131(15):3593–604. doi:
https://doi.org/10.1242/dev.01230. PubMed PMID: 15215207

19. Demurger F, Ichkou A, Mougou-Zerelli S, Le Merrer M, Goudefroye G,
Delezoide AL, et al. New insights into genotype-phenotype correlation for
GLI3 mutations. Eur J Hum Genet. 2015;23(1):92–102. doi:https://doi.org/10.
1038/ejhg.2014.62. PubMed PMID: 24736735; PubMed Central PMCID:
PMCPMC4266745

20. Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, et al. Standards and
guidelines for the interpretation of sequence variants: a joint consensus
recommendation of the American College of Medical Genetics and
Genomics and the Association for Molecular Pathology. Genet Med. 2015;
17(5):405–24. doi:https://doi.org/10.1038/gim.2015.30. PubMed PMID:
25741868; PubMed Central PMCID: PMCPMC4544753

21. Bogue CW, Ganea GR, Sturm E, Ianucci R, Jacobs HC. Hex expression suggests
a role in the development and function of organs derived from foregut
endoderm. Dev Dyn. 2000;219(1):84–9. doi:https://doi.org/10.1002/1097-
0177(2000)9999:9999<::AID-DVDY1028>3.0.CO;2-5. PubMed PMID: 10974674

22. Slack JM. Developmental biology of the pancreas. Development. 1995;
121(6):1569–80. PubMed PMID: 7600975

23. Teo AK, Lau HH, Valdez IA, Dirice E, Tjora E, Raeder H, et al. Early
developmental perturbations in a human stem cell model of MODY5/
HNF1B pancreatic Hypoplasia. Stem Cell Reports. 2016;6(3):357–67. doi:
https://doi.org/10.1016/j.stemcr.2016.01.007. PubMed PMID: 26876668;
PubMed Central PMCID: PMCPMC4788763

Ito et al. Diagnostic Pathology  (2018) 13:1 Page 4 of 4

http://dx.doi.org/10.1006/dbio.1996.0300
http://dx.doi.org/10.1038/352539a0
http://dx.doi.org/10.1002/ajmg.a.33495
http://dx.doi.org/10.1002/ajmg.a.33495
http://dx.doi.org/10.1002/aja.1001960203
http://dx.doi.org/10.1371/journal.pone.0007471
http://dx.doi.org/10.1016/j.ydbio.2013.04.025
http://dx.doi.org/10.1242/dev.000760
http://dx.doi.org/10.1242/dev.000760
http://dx.doi.org/10.1002/dvdy.22578
http://dx.doi.org/10.1073/pnas.1011410108
http://dx.doi.org/10.1111/cge.12952
http://dx.doi.org/10.1111/cge.12952
http://dx.doi.org/10.1016/j.gene.2016.01.003
http://dx.doi.org/10.1111/j.1741-4520.2006.00114.x
http://dx.doi.org/10.1111/j.1741-4520.2006.00114.x
http://dx.doi.org/10.1242/dev.01230
http://dx.doi.org/10.1038/ejhg.2014.62
http://dx.doi.org/10.1038/ejhg.2014.62
http://dx.doi.org/10.1038/gim.2015.30
http://dx.doi.org/10.1002/1097-0177(2000)9999:9999<::AID-DVDY1028>3.0.CO;2-5
http://dx.doi.org/10.1002/1097-0177(2000)9999:9999<::AID-DVDY1028>3.0.CO;2-5
http://dx.doi.org/10.1016/j.stemcr.2016.01.007

	Abstract
	Background
	Case presentation
	Conclusions

	Background
	Case presentation
	Autopsy findings

	Discussion
	Conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Authors’ information
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

