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Abstract

Introduction: Geminin, a (25 kDa) protein, was originally identified as a key regulator of DNA replication licensing in the cell cycle
and of cell fate during embryonic nervous system formation. Although geminin is involved in mechanisms underlying the regu-
lation of transcription and patterning in embryonic development, its expression and possible significance in human epidermal
morphogenesis remains unknown.

Methods: Forty-one skin biopsy specimens obtained from human fetuses (10th to 23rd week of estimated gestational age) were
processed for immunohistochemistry using a primary rabbit polyclonal antibody against geminin.

Results: Distinct and statistically significant qualitative and quantitative alterations in the spatiotemporal expression pattern of
geminin were observed in the developing human epidermis.

Conclusions: The highly ordered expression of geminin in different layers of fetal human epidermis reported here for the first
time suggests that this protein may play a significant role in epidermal morphogenesis. However, the mechanisms underlying the
alterations of the geminin expression pattern during fetal development at the molecular level remain to be elucidated. Further
studies are now warranted to address whether the expression pattern of geminin in the developing human epidermis is disturbed
in fetuses with genodermatoses and whether these disturbances might be important for prenatal diagnosis of genodermatoses.
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Introduction

Geminin is a small (~25 kDa) protein consisting of about 209 ami-
no acids that is encoded by the GMNN gene (located on chromo-
some 6) and is predominantly localized in the nucleus of diverse
cycling cell populations. Geminin is structurally characterized by
a central coiled-coil domain, through which geminin homodimer-
izes and interacts with cell cycle regulators (1-5). Geminin was
originally identified as a bifunctional protein with roles in both
the maintenance of genome integrity by means of regulation of
the fidelity of DNA replication licensing and in the control of cell
fate during nervous system embryogenesis (6, 7).

During a cell cycle, geminin accumulates in S phase, subse-
quent to the initiation of DNA replication. It then binds to Cdt1, a
key member of the pre-replication complex, inhibits its associa-
tion with replication origins, and prevents the recruitment of li-
censing factors such as the minichromosome maintenance (MCM)
complex onto origins during S, G2, and early M phases. Thus, it
inhibits re-replication and ensures replication once per cell cy-
cle and genomic stability (8). Expression of geminin increases
through the late phases of the cell cycle and reaches its maximum
level in mitosis. Then, geminin is downregulated by ubiquitin-de-
pendent proteolysis through the anaphase, promoting complex/
cyclosome (APC/C) (7, 9, 10).

Interestingly, although geminin is generally believed to safe-
guard the genome, accumulating evidence suggests that this pro-
tein interacts with an ever-growing number of partner proteins
playing a central integrative role in multiple cellular events (11),
including carcinogenesis. Indeed, it has been shown that sup-
pression of geminin activity leads to DNA re-replication and ap-
optosis in cancer cells (12) and promotes cellular senescence (13).
Geminin ablation enhances tumorigenesis in mice (14), and over-
expression of geminin stimulates cell cycle progression and pro-
liferation in normal and cancer tissues promoting tumor invasion
and metastasis and markedly affects cancer prognosis (15-18),
whereas a compound targeting geminin was recently shown to
promote DNA damage and cell death in cancer cells (19).

Although geminin is involved in various stages of embryonic
development playing a significant role in the mechanisms under-
lying the regulation of transcription and patterning factors (20—
24), surprisingly little is known about the expression and possible
significance of this multifunctional protein in human epidermal
morphogenesis. Thus, this article investigates the expression pat-
tern of geminin in the developing epidermis and uses immunohis-
tochemistry to define the sequence of its spatiotemporal altera-
tions in human fetuses from the 10th to the 23rd week of estimated
gestational age (EGA).

= Corresponding author: efipas@upatras.gr; pasmatzi@otenet.gr; pasmatzi@med.upatras.gr
*Dedicated to the memory of Professor Demetrios Kelekis, Department of Interventional Radiology, School of Medicine, Universities of Patras and Ath-

ens, Greece.

1



E. Pasmatzi et al.

Acta Dermatovenerol APA | 2023;32:1-5

Methods
Tissue samples

On March 23, 1998, the local ethics committee of Iasso Hospi-
tal approved the protocol of this study on the expression pattern
of diverse proteins (including geminin) during morphogenesis of
human epidermis, in accordance with the ethical standards laid
down in an appropriate version of the 1964 Declaration of Hel-
sinki, as revised in 1983. The Maternity and Gynecology Clinic
provided biopsy skin specimens obtained from the tibiae of mor-
phologically normal human embryos following legal abortions
performed at this institution. The ages of the fetuses were 10
weeks EGA (n = 8), 12 weeks EGA (n = 7), 14 weeks EGA (n = 6),
16 weeks EGA (n = 6), 18 weeks EGA (n = 8), and 23 weeks EGA
(n = 6), and they were confirmed not to have a family history of
cutaneous disorders. EGA was determined from maternal his-
tories, fetal measurements (crown, rump, and foot length), and
comparative histological appearance of the epidermis (25—28). All
specimens were fixed in buffered formalin (10%) and embedded
in paraffin. Part of the 4 pm sections was routinely stained with
hematoxylin and eosin and examined histologically, and the oth-
er part was processed for geminin immunohistochemistry.

Immunohistochemistry

The expression of geminin was investigated by immunohisto-
chemistry in formalin-fixed and paraffin-embedded skin biopsy
specimens (4 pm sections) using a primary rabbit polyclonal
antibody against geminin (kindly supplied by Zoi Lygerou) at a
dilution of 1:500, and the peroxidase-labeled streptavidin-biotin
standard technique (29). The staining was graded independently
by two experienced dermatopathologists, and the results of their
evaluation were classified on a scale of o to 3 as follows: o0 = nega-
tive stain, 1 = weak intensity, 2 = moderate intensity, 3 = strong
intensity.

Statistical analysis

The results of this study were statistically analyzed with the Jon-
ckheere-Terpstra test (30, 31) and the Wilcoxon rank sum test (32)
using the software product SAS® (SAS Institute, Cary, NC, USA),
version 8.02. The level of significance was fixed at a = 5%. A
p value < 0.05 was considered to indicate statistical significance.

Results

Immunohistochemistry

The results of the immunohistochemical investigation of fetal
human epidermis (EGA: 10—23 weeks) using an antibody against

geminin are shown in Table 1. Interestingly, in all age groups the
basement membrane of the fetal skin revealed no geminin immu-

noreactivity.
1oth and 12th week estimated gestational age

Because the findings in the epidermis of fetuses aged 10 and 12
weeks EGA were almost identical, they are described here togeth-
er. In all specimens, the cells of the periderm and the intermediate
layer revealed no geminin immunoreactivity, whereas those of the
basal layer revealed moderate to strong cytoplasmic and nuclear
expression of geminin (Fig. 1A).

14th week estimated gestational age

In all specimens, the cells of the periderm and the basal layer re-
vealed moderate cytoplasmic geminin expression, whereas those
of the intermediate layer were devoid of any geminin immunore-
activity (Fig. 1B).

Figure 1 | A) Expression pattern of geminin in human fetal epidermis of gesta-
tional age 10 weeks. In contrast to the cells of the periderm and the intermedi-
ate layer, which reveal no immunoreactivity, those of the basal layer showed
moderate to strong cytoplasmic and nuclear expression of geminin; B) expres-
sion pattern of geminin in human fetal epidermis of gestational age 14 weeks.
The cells of the periderm and the basal layer reveal moderate cytoplasmic
geminin expression, whereas those of the intermediate layer are devoid of any
geminin immunoreactivity.

Table 1 | Results of immunohistochemical staining of fetal human epidermis (gestational age: 10-23 weeks) with antibody against geminin.

10 weeks 12 weeks 14 weeks 16 weeks 18 weeks 23 weeks
(n=8) (n=11) (n=9) (n=8) (n=10) (n=6)
Gem E 0123 0123 0123 0123 0123 0123
HL 6 000
PD 8000 11 0 0 0 0090 0530 0253 GL 0240
IL 8000 11 00 0 9000 00 4 4 006 4 SL 0132
BL 0035 0047 0090 8000 10 0 0 O BL 6 000
Gem = geminin, E = epidermis, PD = periderm, IL = intermediate layer, BL = basal layer, HL = horny layer, GL = granular layer, SL = spinous layer.
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16th week estimated gestational age

In all specimens, weak to moderate and moderate to strong cyto-
plasmic geminin immunoreactivity was observed in the cells of
the periderm and the intermediate layer, respectively, whereas the
cells of the basal layer revealed no geminin expression (Fig. 2A).

18th week estimated gestational age

In all specimens, the cells of the periderm and the intermediate
layer revealed weak to strong and moderate to strong cytoplasmic
geminin immunoreactivity, respectively, whereas those of the ba-

sal layer were devoid of any geminin expression.

23rd week estimated gestational age

In all specimens, no geminin immunoreactivity was seen in the
cells of the horny and basal layers. The cells of the granular and
spinous layers revealed weak to moderate and weak to strong cy-
toplasmic geminin immunoreactivity, respectively (Fig. 2B).

SR

Figure 2 | A) Expression pattern of geminin in human fetal epidermis of ges-
tational age 16 weeks. Weak to moderate and moderate to strong cytoplas-
mic geminin immunoreactivity is shown in the cells of the periderm and the
intermediate layer, respectively. The cells of the basal layer are devoid of any
geminin expression; B) expression pattern of geminin in human fetal epidermis
of gestational age 23 weeks. In contrast to the cells of the horny and basal
layer, which show no geminin immunoreactivity, those of the granular and the
spinous layer reveal weak to moderate and weak to strong geminin expression,
respectively.
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Statistical analysis

The independent-samples analysis examined in this article with
the Jonckheere-Terpstra test for ordered alternatives was per-
formed to investigate overall associations. In cases of signifi-
cance, we performed multiple tests for the various subgroups with
significance values adjusted by the Bonferroni correction. The sta-
tistically significant differences between the age groups studied
with regard to the intensity of geminin immunoreactivity of the
layers of fetal human epidermis can be summarized as follows.

Periderm: statistically significant differences in the intensity
of cytoplasmic immunoreactivity of periderm were found between
specimens of the 10th and 14th week EGA (p < 0.001), 10th and
16th week EGA (p = 0.002), 12th and 18th week EGA (p < 0.001),
and 14th and 16th week EGA (p = 0.046).

Intermediate layer: statistically significant differences in the
intensity of cytoplasmic immunoreactivity of the intermediate
layer were found between specimens of the 10th and 16th week
EGA (p = 0.002), 10th and 18th week EGA (p = 0.001), 12th and
16th week EGA (p < 0.001), 12th and 18th week EGA (p < 0.001),
14th and 16th week EGA (p = 0.001), and 14th and 18th week EGA
(p = 0.001).

Basal layer: statistically significant differences in the intensity
of cytoplasmic immunoreactivity of the basal layer were found
between specimens of the 10th and 16th week EGA (p = 0.003),
10oth and 18th week EGA (p = 0.001), 10th and 23rd week EGA
(p = 0.009), 12th and 14th week EGA (p = 0.040), 12th and 16th
week EGA (p = 0.001), 12th and 18th week EGA (p < 0.001), 12th and
23rd week EGA (p = 0.004), 14th and 16th week EGA (p = 0.001),
14th and 18th week EGA (p < 0.001), and 14th and 23rd week EGA
(p = 0.002).

Discussion

Morphogenesis of human epidermis is a fundamental biological
process implicating an integrated network of signaling pathways
and mechanical forces that interfere with each other and lead to
a well-orchestrated progressive transformation of the embryonic
single epithelial cell layer covered by the periderm into a stratified
epithelium and finally into the fully keratinized epidermis. Inves-
tigations on the developing human epidermis are of particular im-
portance because they may lead to a better understanding of the
mechanisms underlying epidermal morphogenesis at the molecu-
lar and cellular level and possibly contribute to the advancement
of prenatal diagnosis of inherited disorders of keratinization (33).

Epidermal morphogenesis can be divided into the embryonic
period (until the 8th week EGA) and the fetal period (from the gth
week EGA). The latter is subdivided into the epidermal stratifica-
tion period (9th to 14th week EGA) and the interfollicular keratini-
zation period (14th to 24th week EGA). Human epidermis initially
consists of a single layer of cuboid basal epithelial cells. The peri-
derm is formed during the 4th week EGA and is located immedi-
ately above the basal layer of the epidermis. Around the 9th week
EGA, the intermediate cell layer is formed below the periderm;
thus, from the 10th to the 20th week EGA fetal epidermis consists
of three distinct epithelial layers: the periderm, the intermediate
layer, and the basal layer. At the 23rd week EGA, the periderm is
sloughed from the epidermal surface into the amniotic fluid and
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the fetal epidermis consists of four distinct epidermal layers: the
horny, granular, spinous, and basal layers (34).

The spatiotemporal expression pattern of geminin occurring
in human fetal epidermis with advancing gestational age is re-
ported here for the first time. In the specimens of the 1oth and
12th week EGA, the basal layer of developing epidermis reveals
moderate to strong geminin nuclear and cytoplasmic immuno-
reactivity, whereas the periderm and the intermediate layer are
completely devoid of any expression of geminin. In the specimens
of the 14th week EGA, moderate cytoplasmic immunoreactivity
for geminin is present in both the basal layer and the periderm,
whereas the intermediate layer still shows a negative immune re-
action to geminin. In the specimens of the 16th and the 18th week
EGA, moderate to strong expression of geminin appears for the
first time in the intermediate layer. The periderm shows weak to
strong geminin immunoreactivity, whereas the basal layer reveals
for the first time negative immunoreactivity to geminin. Finally,
in the specimens of the 23rd week EGA there is geminin immu-
noreactivity in the granular layer (weak to moderate) and in the
spinous layer (weak to strong), whereas the basal and horny lay-
ers are completely devoid of any geminin expression.

The highly ordered expression of geminin in different layers
of fetal human epidermis reported here suggests that this protein
may play a significant role in epidermal morphogenesis. However,
the mechanisms underlying the alterations of the geminin expres-
sion pattern during fetal development at the molecular level re-
main to be elucidated. During embryonic development, pathways
that regulate cell cycle progression, acquisition of cell fate, and
cellular differentiation must be temporally and spatially regu-
lated and strictly coordinated in the embryonic tissues, processes
in which geminin may play a significant role. Indeed, recent ac-
cumulating evidence indicates that this protein, apart from being
a key regulator of DNA replication licensing in the cell cycle and
a transcriptional molecular switch determining cell fate, reveals
a wide spectrum of additional activities including binding to and
interference with the activities of homeodomain-containing tran-
scription factors, inhibition of diverse protein activities, interac-
tions with regulators of chromatin structure, and cellular transi-
tion from proliferation to differentiation (17, 22, 35, 36).

The sequence of changes in the expression of geminin ob-
served in this study particularly in the basal layer during the early
stages of human epidermal morphogenesis is a feature not shared
by other fetal human epithelia and merits particular attention. In-
deed, in the specimens of the 10th and 12th week EGA, geminin
immunoreactivity of basal cells was localized in both the nucleus
and the cytoplasm, whereas in the specimens of the 14th week
EGA geminin expression in the nucleus was completely lost and

References

1. Okorokov AL, Orlova EV, Kingsbury SR, Bagneris C, Gohlke U, Williams GH, et al.
Molecular structure of human geminin. Nat Struct Mol Biol. 2004;11:1021-22.

2. Lee C, Hong B, Choi JM, Kim Y, Watanabe S, Ishimi Y, et al. Structural basis for
inhibition of the replication licensing factor Cdt1 by geminin. Nature. 2004;19:
913-7.

3. Saxena S, Yuan P, Dhar SK, Senga T, Takeda D, Robinson H, et al. A dimerized
coiled-coil domain and an adjoining part of geminin interact with two sites on
Cdta for replication inhibition. Mol Cell. 2004; 23;15:245-58.

4. De Marco V, Gillespie PJ, Li A, Karantzelis N, Christodoulou E, Klompmaker R,
et al. Quaternary structure of the human Cdti-Geminin complex regulates DNA
replication licensing. Proc Natl Acad Sci USA. 2009;24;106:19807-12.

immunoreactivity to geminin was exclusively localized in the cy-
toplasm of basal cells. Interestingly enough, in the subsequent
stages of epidermal morphogenesis (16th, 18th, and 23rd week
EGA) cytoplasmic expression in basal cells also disappeared. It is
worth noting that in all layers of human fetal epidermis but the
basal one, geminin expression was confined to the cytoplasm of
epidermal cells. Because geminin is known to strongly correlate
with undifferentiated and proliferating cells in fetal and adult
tissues (9), the complete lack of geminin expression in the basal
cells is a striking and unexpected feature of fetal epidermis after
the 14th week EGA, which remains unexplained to us.

Geminin has originally been described as a nuclear protein,
and many of its biological activities are known to occur in the nu-
cleus (6, 7, 37). Interestingly, cytoplasmic localization of geminin
has been observed in cells that reveal nuclear membrane break-
down as well as in post-mitotic cells that lack periods of nuclear
membrane disassembly (38, 39). It therefore seems reasonable to
suggest that geminin is capable of shuttling between subcellular
compartments with its translocation and activity being regulated
by complex mechanisms involving distinct protein motifs.

The results of this immunohistochemical study, which was
performed in a large number of fetal skin specimens, clearly
show distinct qualitative and quantitative alterations in the spati-
otemporal expression pattern of geminin during epidermal mor-
phogenesis prior to keratinization. The mechanisms underlying
these alterations at the molecular level remain to be elucidated.
Given the central role of geminin in proliferation/differentiation
decisions in other tissues, such as the nervous and hematopoietic
system (11), it would be interesting to assess the expression pat-
tern of geminin in the epidermis of fetuses with genodermatoses,
which often exhibits proliferation/differentiation abnormalities.
It would also be of interest to extend this study to other samples,
such as the oral mucosa, given earlier correlations of geminin ex-
pression levels with oral cancers.

Conclusions

This study shows that the expression of geminin in human fetal
epidermis, reported here for the first time, is characterized by a
highly ordered pattern and distinct qualitative and quantitative
alterations during epidermal morphogenesis prior to keratiniza-
tion, suggesting that this multifunctional protein may play an im-
portant role in epidermal morphogenesis. Further studies are now
warranted to unravel the underlying mechanisms at the molecu-
lar level and to address whether the expression pattern of geminin
in the developing human epidermis is disturbed in fetuses with
genodermatoses.

5. Caillat C, Pefani DE, Gillespie P), Taraviras S, Blow JJ, Lygerou Z, et al. The gemi-
nin and Idas coiled coils preferentially form a heterodimer that inhibits geminin
function in DNA replication licensing. ) Biol Chem. 2013;288:31624-34.

6. Kroll KL, Salic AN, Evans LM, Kirschner MW. Geminin, a neuralizing molecule
that demarcates the future neural plate at the onset of gastrulation. Develop-
ment. 1998;125:3247-58.

7. McGarry T), Kirschner MW. Geminin, an inhibitor of DNA replication, is degraded
during mitosis. Cell. 1998;93:1043-53.

8. Petropoulos M, Champeris Tsaniras S, Taraviras S, Lygerou Z. Replication licens-
ing aberrations, replication stress, and genomic instability. Trends Biochem Sci.
2019;44:752-64.



Acta Dermatovenerol APA | 2023;32:1-5

Geminin in epidermal morphogenesis

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Wobhlschlegel JA, Kutok JL, Weng AP, Dutta A. Expression of geminin as a marker
of cell proliferation in normal tissues and malignancies. Am ] Pathol. 2002;161:
267-73.

Li A, Blow JJ. Non-proteolytic inactivation of geminin requires CDK-dependent
ubiquitination. Nat Cell Biol. 2004;6:260-7.

Patmanidi AL, Champeris Tsaniras S, Karamitros D, Kyrousi C, Lygerou Z, Tara-
viras S. Concise review: geminin—a tale of two tails: DNA replication and tran-
scriptional/epigenetic regulation in stem cells. Stem Cells. 2017;35:299-310.
Zhu W, Depamphilis ML. Selective killing of cancer cells by suppression of gemi-
nin activity. Cancer Res. 2009;69:4870-7.

lliou MS, Kotantaki P, Karamitros D, Spella M, Taraviras S, Lygerou Z. Reduced
geminin levels promote cellular senescence. Mech Ageing Dev. 2013;134:10-23.
Champeris Tsaniras S, Villiou M, Giannou AD, Nikou S, Petropoulos M, Pateras
IS, et al. Geminin ablation in vivo enhances tumorigenesis through increased
genomic instability. ] Pathol. 2018;246:134-40.

Montanari M, Boninsegna A, Faraglia B, Coco C, Giordano A, Cittadini A, et al.
Increased expression of geminin stimulates the growth of mammary epithelial
cells and is a frequent event in human tumors. ) Cell Physiol. 2005;202:215-22.
Martin CM, Astbury K, McEvoy L, O’Toole S, Sheils O, O’Leary J. Gene expression
profiling in cervical cancer: identification of novel markers for disease diagnosis
and therapy. Methods Mol Biol. 2009;511:333-59.

Zhang L, Cai M, Gong Z, Zhang B, Li Y, Guan L, et al. Geminin facilitates Fox03
deacetylation to promote breast cancer cell metastasis. | Clin Invest. 2017;127:
2159-75.

Sami E, Bogan D, Molinolo A, Koziol J, ElIShamy WM. The molecular underpin-
ning of geminin-overexpressing triple-negative breast cancer cells homing spe-
cifically to lungs. Cancer Gene Ther. 2022;29:304-25.

Karantzelis N, Petropoulos M, De Marco V, Egan DA, Fish A, Christodoulou E, et al.
Small molecule inhibitor targeting CDT1/geminin protein complex promotes DNA
damage and cell death in cancer cells. Front Pharmacol. 2022;25;13:860682.
Luo L, Yang X, Takihara Y, Knoetgen H, Kessel M. The cell-cycle regulator gemi-
nin inhibits Hox function through direct and polycomb-mediated interactions.
Nature. 2004;427:749-53.

Spella M, Kyrousi C, Kritikou E, Stathopoulou A, Guillemot F, Kioussis D, et al.
Geminin regulates cortical progenitor proliferation and differentiation. Stem
Cells. 2011;29:1269-82.

Karamitros, D, Patmanidi AL, Kotantaki P, Potocnik AJ, Bahr-lvacevic T, Benes V,
et al. Geminin deletion increases the number of fetal hematopoietic stem cells
by affecting the expression of key transcription factors. Development. 2015;142:
70-81.

Caronna AE, Patterson ES, Hummert PM, Kroll KL. Geminin restrains mesendo-
dermal fate acquisition of embryonic stem cells and is associated with antago-
nism of Wnt signaling and enhanced polycomb-mediated repression. Stem Cell.
2013;31:1477-87.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.
35.
36.
37
38.

39.

. Lewis EMA, Sankar S, Tong C, Patterson ES, Waller LE, Gontarz P, et al. Geminin

is required for Hox gene regulation to pattern the developing limb. Dev Biol.
2020;464:11-23.

Trolle D. Age of fetus determined from its measures. Acta Obstet Gynecol Scand.
1948;27:327-37.

Shepard T. Normal and abnormal growth patterns. Growth and development of
the human embryo and fetus. In: Gardner LI, Editor. Endocrine and genetic dis-
eases of childhood and adolescence. Philadelphia: WB Saunders; 1975. p. 1-8.
Holbrook KA. Human epidermal embryogenesis. Int ] Dermatol. 1979;18:329—
56.

Mercer BM, Sklar S, Shariatmadar A, Gillieson MS, D’Alton ME. Fetal foot length
as a predictor of gestational age. ] Obstet Gynecol. 1987;156:350-5.

Monastirli A, Vourekas A, Badavanis G, Pasmatzi E, Sagriotis A, Drainas D, et al.
Hsp27 expression coincides with epidermal stratification during human epider-
mal morphogenesis. Acta Derm Venereol. 2005;85:389-93.

Hollander M, Wolfe DA. Nonparametric statistical methods. New York: John
Wiley & Sons; 1973. p. 120-3.

Pirie W. Jonckheere tests for ordered alternatives. In: Kotz S, Johnson NL, edi-
tors. Encyclopedia of statistical sciences. Vol. 4. New York: John Wiley & Sons;
1983. p. 315-8.

Sprent P. Applied nonparametric statistical methods. 2nd ed. London: Chapman
& Hall; 1993. p. 109-18.

Pasmatzi E, Papadionysiou C, Monastirli A, Kakkos S, Badavanis G, Adonakis G,
et al. The expression pattern of galectins during human epidermal morphogen-
esis. Acta Dermatovenerol Alp Pannonica Adriat. 2020;29:93-9.

Badavanis G, Tsambaos D. Recent advances in embryology of the skin: morpho-
genesis of the periderm. Dermatopathology. 2002;8.

Del Bene F, Tessmar-Raible K, Wittbrodt ). Direct interaction of geminin and Six3
in eye development. Nature. 2004;427:745-9.

Kroll KL. Geminin in embryonic development: coordinating transcription and the
cell cycle during differentiation. Front Biosci. 2007;12:1395-1409.

Tada S. Cdt1 and geminin: role during cell cycle progression and DNA damage in
higher eukaryotes. Front Biosci. 2007;12:1629—41.

Boos A, Lee A, Thompson DM, Kroll KL. Subcellular translocation signals regulate
geminin activity during embryonic development. Biol Cell. 2006;98:363-75.
Dimaki M, Xouri G, Symeonidou IE, Sirinian C, Nishitani H, Taraviras S, et al. Cell
cycle-dependent subcellular translocation of the human DNA licensing inhibitor
geminin. | Biol Chem. 2013;16;288:23953-63.



