
Abstract. Background: Neural precursor cell-expressed,
developmentally down-regulated-8 (NEDD8) is a 76-amino-
acid ubiquitin-like polypeptide. NEDD8 affects the signaling
of various molecules but the major cellular target proteins
are cullins. The neddylation process is correlated closely
with apoptosis, cell-cycle regulation, embryogenesis and
development. Aim: The purpose of the present work was to
investigate NEDD8 distribution and expression in the human
placenta during gestation. Materials and Methods: A total
of 30 samples, 15 chorionic villous samples from first
trimester and 15 from full-term placentae, were used for the
immunohistochemical analysis of NEDD8 expression. The
gestation period ranged from 5 to 40 weeks. Results: NEDD8
was highly expressed in the cytotrophoblast of the first
trimester of gestation, whereas in the third trimester, it was
localized in the endothelial cells and stroma of placental
villi. Conclusion: Our results suggest that NEDD8 may play
an important role in the control of proliferation and
differentiation of human placenta throughout pregnancy.

Neural precursor cell-expressed, developmentally down-
regulated-8 (NEDD8) known as Rub1 in yeast is an 76-
amino-acid, 6-kDa, ubiquitin-like polypeptide sharing 58%
identity and 80% similarity respect to ubiquitin (1-3).
NEDD8 is conservatively expressed in most eukaryotes or
most, if not all, tissues suggesting its important function in

eukaryotic cells (4). It is a member of the ubiquitin-like
protein superfamily (5) and shares a very similar three-
dimensional structure with ubiquitin (6, 7). NEDD8 is first
synthesized as a 81-amino-acid precursor and then it is
processed at the five conserved C-terminal 5 amino acids
following a Gly-Gly dipeptide by the hydrolase activity of
de-neddylating enzymes (1, 8, 9). 

Changes in NEDD8 abundance affect the signaling of
various molecules, including auxin in plants (10), interferon
regulatory factor-3 (IRF3) (11), murine double minute-2
(MDM2) (12), and p21 (13), but the major cellular target
proteins for NEDD8 are cullins that form cullin-RING
(Really Interesting New Gene) ubiquitin ligases (CRL)
involving several hundred members (3, 14). Oved (15)
expanded the functional spectrum of NEDD8 to include one
of the best-studied ubiquitin-dependent processes, namely
trafficking of membrane proteins (3, 16, 17). During cellular
differentiation and for correct cell homeostasis, it is required
that several proteins are degraded in a spatially and
temporally controlled manner (18). Principal actors in this
regulatory mechanism are the ubiquitins (19). Ubiquitination
consists of large protein complexes, also known as Skp1,
Cullin, F-box protein (SCF), divided into different groups
called ubiquitin-activating enzyme (E1), ubiquitin-
conjugating enzyme (E2) and ubiquitin-protein ligase (E3).
NEDD8 is able to regulate SCF by ligation in neddylation,
increasing E3 activity and in part its affinity for E2 (18).
Neddylation involves a three-step cascade: ATP-dependent
activation catalyzed by the NEDD8 E1 enzyme NEDD8
activating enzyme E1 subunit 1-ubiquitin-activating enzyme
3 (NAE1-UBA3), transfer to a NEDD8 E2 conjugating
enzyme ubiquitin-conjugating enzyme C12 (UBC12) and
ubiquitin-conjugating enzyme E2F (UBE2F), the conjugation
to a lysine residue in a target protein via an isopeptide bond
mediated by NEDD8 E3 ligase (14, 20). Neddylation
stimulates ubiquitination of several key proteins such as p27
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and inhibitor of kappa B (Ikβ) (21), and regulates the
cytoplasmic level of β-catenin (18, 22). Neddylation results
in the activation of CRLs by promoting the recruitment of
the ubiquitin charged E2 enzyme and allowing its correct
positioning relative to the substrate (14, 23-25). 

A general elevation in the level of NEDD8 conjugation
has been observed in oral squamous cell carcinoma cell
lines, where NEDD8 pathway inhibition reduced cell
proliferation (26). Several newly-discovered NEDD8
substrates are established tumor suppressors or oncoproteins,
including von Hippel-Lindau protein, p53, p73, breast
cancer-associated gene 3 and MDM2 (9). Moreover, the
general inhibitor of the NEDD8 pathway, MLN4924, was
shown to possess tumor-inhibiting properties (9, 27). 

It has been demonstrated that the neddylation process is
closely correlated with apoptosis, cell-cycle regulation,
embryogenesis and development (5). 

The NEDD8 system is essential for cell-cycle progression,
including endoreduplication, which is an unusual mode of
cell cycle that results in duplication of the chromosome
without intervening mitosis (22, 28, 29). Mitosis and
endoreduplication share common mechanisms, such as
fluctuation of cyclin-dependent kinases (CDKs) activity (30). 

On the basis of the role of neddylation in the cell cycle,
we decided to investigate NEDD8 expression in the human
placenta throughout gestation by immunohistochemistry.

Materials and Methods
Samples. Human placental samples were obtained with informed
consent from patients undergoing surgery such as cesarean section for
normal placenta and uterine evacuation for normal chorionic villi. A
total of 30 samples, 15 chorionic villous samples from first trimester
and 15 from full-term placentae, were used and the gestation period
ranged from 5 to 40 weeks. The collected specimens were immediately
fixed in formalin for immunohistochemistry and immunofluorescence.
Representative sections of each specimen were stained with
hematoxylin–eosin and examined by a pathologist to confirm
histological preservation of the microanatomic structure. The absence
of any placental pathology was confirmed by microscopic observation.

Immunohistochemistry and immunofluorescence. Immunohisto-
chemistry was carried out essentially as described previously (31,
32). Briefly, all sections were deparaffinized in xylene, rehydrated
through a graded alcohol series and washed in phosphate-buffered
saline (PBS). PBS was used for all subsequent washes and for
antiserum dilution. Tissue sections were quenched sequentially in 3%
hydrogen peroxide and blocked with PBS-6% non-fat dry milk
(BioRad, Milan, Italy) for 1 h at room temperature. Slides then were
incubated at 4˚C overnight with an affinity-purified goat polyclonal
immune serum raised against NEDD8 (sc-5480, Santa Cruz, CA,
USA) at a 1:100 dilution and then with diluted anti-goat biotinylated
antibody (Vector Laboratories, CA, USA) for immunohistochemistry
or with anti-goat fluorescein isothiocyanate antibody (BioFX
Laboratories, MD, USA) for immunofluorescence. All the slides then
were processed by the ABC method (Vector Laboratories, CA, USA)
for 30 min at room temperature. Diaminobenzidine (Vector

Laboratories, CA, USA) was used as the final chromogen and
hematoxylin was used as the nuclear counterstain. Negative controls
for each tissue section were prepared by substituting the primary
antiserum with the respective pre-immune serum. All samples were
processed under the same conditions. 

For each specimen, an HSCORE value was derived by summing
the percentages of cells/areas that stained at each intensity and
multiplying that by the weighted intensity of the staining. Thus the
maximum score was 360. An average of 22 fields was observed for
each tissue by three observers at different times and the average
score was used. 

All values are expressed as the mean±standard error of mean (SEM)
and differences were compared by one-way analysis of variance
(ANOVA). p-Values less than 0.05 were considered significant. 

Classification of local subtypes of extravillous trophoblast (EVT).
EVT was classified into two morphological phenotypes (33): (a) the
proliferative phenotype is represented by one to several compact
layers of cells, which are attached to each other; (b) the invasive
phenotype comprises the later post-proliferative EVT that no longer
forms intracellular junctions. They become separated from each
other and spread from the cell column into the surrounding basal
plate and into the endometrium. The two different phenotypes can
be easily discriminated by their topographical relations. 

Results

The expression and localization of NEDD8 in the human
placenta throughout gestation was performed by
immunohistochemistry and immunofluorescence using goat
polyclonal antiserum. We observed a clear modulation of
NEDD8 expression during pregnancy, with a high level of
expression during the first trimester of gestation and a very
weak level of expression during the third trimester.
Specifically, in the first trimester human placenta, NEDD8
was expressed at high levels almost exclusively in the
proliferative layer of cytotrophoblastic cells (Figure 1a).
NEDD8 was particularly distributed in the cytoplasm of
cytotrophoblast (Figure 1b). In the third trimester of gestation,
NEDD8 expression strongly decreased until reaching a very
weak expression level. It was localized almost exclusively in
the stroma of placental villi and in the cytoplasm of
endothelial cells lining blood vessels (Figure 1c). 

In placentae of the third trimester of gestation, we also
investigated NEDD8 expression in EVTs. NEDD8 was
expressed at a very high level in the cytoplasm and in some
nuclei of both proliferative and invasive EVTs (Figure 1d).
In order to investigate NEDD8 localization deeply in the
human placenta, we performed an immunofluorescence
technique. We have shown that in the first trimester of
gestation, NEDD8 is expressed in the cytotrophoblast and
localized in the perinuclear region of the cells (Figure 1e). 
Figure 2 shows the peculiar expression pattern of NEDD8
during pregnancy as determined by immunohistochemistry
analysis. Specifically, we observed a decrease in NEDD8
expression from the first to the third trimester of gestation.
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Discussion

NEDD8 protein was found to be expressed in a wide variety
of human tissues and was found to be particularly present in
germ cells, epithelial cells, endocrine cells and peripheral
ganglion cells (8). NEDD8 has an essential role in the
regulation of protein degradation pathways, a mechanism

involved in cell-cycle regulation and differentiation. The
NEDD8 system is also essential for cell-cycle progression
and development of mammalian embryos (22). It has been
demonstrated that NEDD8 overexpression interferes with
physiological β-catenin turnover, suggesting a new possible
target of neddylation (18). Moreover, the NEDD8
conjugation pathway is able to regulate the turnover of p27,
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Figure 1. a: Strong Neural precursor cell-expressed, developmentally down-regulated-8 (NEDD8) expression distributed in the cytotrophoblasts of
placental villi from the first trimester of gestation, ×300. b: Higher magnification shows the perinuclear distribution of NEDD8 in the
cytotrophoblasts during the first trimester, ×640. c: NEDD8 expression in the stroma of placental villi and in the cytoplasm of endothelial cells
during the first trimester of gestation, ×300. d: High expression of NEDD8 in all extravillous trophoblasts in the third trimester of gestation, ×640.
e: Immunofluorescence analysis of NEDD8 localization in cytotrophoblasts in the first trimester, ×300. f: Representative negative control of the
third trimester of gestation, ×150.



interfering with withdrawal from the cell cycle (18, 21). The
regulation of the NEDD8 conjugation pathway contributes to
carcinogenesis. In many carcinoma cell lines, levels of
NEDD8 conjugation were up-regulated (34), probably
allowing for uncontrolled proliferation of malignant cells (5).

The human placenta is a complex organ that is composed
of maternal and fetal material and plays an integral role not
only in the supply of nutrients to the fetus but also in the
maintenance of pregnancy (33, 35). The correct functioning
of human placenta is due to the fine balance between
proliferation, differentiation and invasion of trophoblastic
cells. For this reason, human placenta is often compared to
tumors. Definitive placental villi are formed by three distinct
types of trophoblast cells: mononucleated cytotrophoblast
forming an inner proliferative layer, multinucleated
syncytiotrophoblast forming an outer non-proliferative layer,
and by EVTs (33). The EVTs of cell columns located
proximally to the villous stroma have been identified as
proliferating cells, whereas EVTs located distally from the
villous stroma exhibit invasive characteristics and are no
longer proliferative (33, 35). EVT invasion is exquisitely
regulated by paracrine, autocrine, and juxtacrine
mechanisms, involving several factors such as proteases and
proto-oncogene expression (36-38). 

The NEDD8 system is essential for both the mitotic and
endoreduplicative cell cycles. The latter cycle occurs in
several mammalian tissues, such as trophoblastic giant cells,
hepatocytes and megakaryocytes (28, 38), and is involved in
cell differentiation, cell expansion and resistance to DNA-
damaging agents (22, 39, 40). 

In the light of the role of NEDD8 in the cell cycle, we
investigated its expression in human placenta where delicate
regulation of cell vitality is essential for gestation. We
demonstrated that NEDD8 expression decreased during
pregnancy, from a high level of expression during the first
trimester to a very weak signal in the third trimester.
Intriguingly, we observed that in the first trimester, NEDD8
was localized almost exclusively in the cytoplasm, in a
perinuclear region of cytotrophoblasts, the proliferative
compartment of placental villi. Moreover, NEDD8
expression was high in EVTs, which are proliferative. It has
been demonstrated that the loss of the NEDD8 system leads
to selective apoptosis of the inner cell mass which forms the
future embryonic ectoderm, probably inducing impaired
replication or repair of DNA (22). Our results for NEDD8
expression in the human placenta are in agreement with
previous results on regulation of apoptosis in the human
placenta. We previously demonstrated that apoptosis
increases from the first to the third trimester of gestation (41,
42), and that alteration of this pathway led to several
placental pathologies and to abortion (35, 43). Furthermore,
we observed that in the third trimester of gestation NEDD8
was localized in the stroma and in the endothelial cells lining
blood vessels inside placental villi, suggesting a control in
differentiation program necessary for the correct functioning
of this organ. Localization and spatio-temporal distribution
of NEDD8 in the human placenta are important enough to
assign it a fundamental role in the control of proliferative
and differentiation events of the placenta during pregnancy.

Acknowledgements

The study was partially supported by the Second University of
Naples. The authors would like to thank Dr Pia Furno for editorial
assistance.

References

1 Kamitani T, Kito K, Nguyen HP and Yeh ET: Characterization
of NEDD8, a developmentally down-regulated ubiquitin-like
protein. J Biol Chem 272: 28557-28562, 1997. 

2 Lammer D, Mathias N, Laplaza JM, Jiang W, Liu Y, Callis J,
Goebl M and Estelle M: Modification of yeast cdc53p by the
ubiquitin-related protein rub1p affects function of the scf-cdc4
complex. Genes Dev 12: 914-926, 1998.

3 Schmidt MHH and Dikic I: Ubiquitin and NEDD8: Brothers in
Arms. Sci STKE 362: pe50, 2006. 

4 Rabut G and Peter M: Function and regulation of protein
neddylation. ‘Protein modifications: beyond the usual suspects’
review series. EMBO J 9: 969-976, 2008.

5 Cheng F, Chen H, Zhang L, Li R-H, Liu Y and Sun J-F:
Inhibition of the NEDD8 conjugation pathway by shRNA to
UBA3, the subunit of the NEDD8-activating enzyme, suppresses
the growth of melanoma cells. Asian Pacific J Cancer Res 13:
57-62, 2012. 

in vivo 27: 501-506 (2013)

504

Figure 2. Gestational time course of Neural precursor cell-expressed,
developmentally down-regulated-8 (NEDD8) expression in human
placenta during pregnancy. NEDD8 expression in cytotrophoblasts,
stromal cells and syncytiotrophoblasts during the first and the third
trimesters of gestation is shown. Vertical lines indicate the show S.E.M.



6 Whitby FG, Xia G, Pickart CM and Hill CP: Crystal structure
of the human ubiquitin-like protein NEDD8 and interactions
with ubiquitin pathway enzymes. J Biol Chem 273: 34983-
34991, 1998. 

7 Hjerpe R, Thomas Y, Chen J, Zemla A, Curran S, Shapiro N,
Dick LR and Kurz T: Changes in the ratio of free NEDD8 to
ubiquitin triggers NEDDlylation by ubiquitin enzymes. Biochem
J 441: 927-936, 2012. 

8 Di Kuazi AD, Kito K, Abe Y, Shin R-W, Kamitani T and Ueda
N: NEDD8 protein is involved in ubiquitinated inclusion bodies.
J Pathol 199: 259-266, 2003. 

9 Watson IR, Irwin MS and Ohh M: NEDD8 pathways in cancer,
sine quibis non. Cancer Cell 19: 168-176, 2011.

10 Pozo JC, Timpte C, Tan S, Callis J and Estelle M: The
ubiquitin-related protein rub1 and auxin response in Arabidopsis.
Science 280: 1760-1763, 1998.

11 Bibeau-Poirier A, Gravel SP, Clement JF, Rolland S, Rodier G,
Coulombe P, Hiscott J, Grandvaux N, Meloche S and Servant
MJ: Involvement of the IKappaB kinase (IKK)-related kinases
tank-binding kinase 1/IKKi and cullin-based ubiquitin ligases in
IFN regulatory factor-3 degradation. J Immunol 177: 5059-5067,
2006.

12 Xirodimas DP, Saville MK, Bourdon JC, Hay RT and Lane DP:
Mdm2-mediated NEDD8 conjugation of p53 inhibits its
transcriptional activity. Cell 118: 83-97, 2004.

13 Bloom J, Amador V, Bartolini F, DeMartino G and Pagano M:
Proteasome-mediated degradation of p21 via N-terminal
ubiquitinylation. Cell 115: 71-82, 2003. 

14 Leck YC, Choo YY, Tan CY, Smith PG and Hagen T:
Biochemical and cellular effects of inhibiting Nedd8
conjugation. Biochem Biophys Res Comm 398: 588-593, 2010.

15 Oved S, Mosesson Y, Zwang Y, Santonico E, Shtiegman K,
Marmor MD, Kochupurakkal BS, Katz M, Lavi S, Cesareni G
and Yarden Y: Conjugation to Nedd8 instigates ubiquitylation
and down-regulation of activated receptor tyrosine kinases. J
Biol Chem 281: 21640-21651, 2006.

16 Di Fiore PP, Polo S and Hofmann K: When ubiquitin meets
ubiquitin receptors: A signalling connection. Nat Rev Mol Cell
Biol 4: 491-497, 2003.

17 Haglund K and Dikic I: Ubiquitylation and cell signaling.
EMBO J 24: 3353-3359, 2005.

18 Esposito V, Manente L, Perna A, Gargiulo M, Viglietti R,
Sangiovanni V, Doula N, Liuzzi G, Baldi A, De Luca A and
Chirianni A: Role of NEDD8 in HIV-associated lipodystrophy.
Differentiation 77: 148-153, 2009. 

19 Crosetto N, Bienko M and Dikic I: Ubiquitin hubs in oncogenic
networks. Mol Cancer Res 4: 899-904, 2006.

20 Gong L and Yeh ET: Identification of the activating and
conjugating enzymes of the NEDD8 conjugation pathway. J Biol
Chem 274: 12036-12042, 1999.

21 Podust VN, Brownell JE, Gladysheva TB, Luo RS, Wang C,
Coggins MB, Pierce JW, Lightcap ES and Chau V: A Nedd8
conjugation pathway is essential for proteolytic targeting of p27
by ubiquitination. Proc Natl Acad Sci USA 97: 4579-4584,
2000.

22 Tateishi K, Omata M, Tanaka K and Chiba T: The NEDD8
system is essential for cell cycle progression and morphogenetic
pathway in mice. J Cell Biol 155: 571-579, 2001.

23 Kawakami T, Chiba T, Suzuki T, Iwai K, Yamanaka K, Minato
N, Suzuki H, Shimbara N, Hidaka Y, Osaka F, Omata M and

Tanaka K: NEDD8 recruits E2-ubiquitin to SCF E3 ligase.
EMBO J 20: 4003-4012, 2001. 

24 Duda DM, Borg LA, Scott DC, Hunt HW, Hammel M and
Schulman BA: Structural insights into NEDD8 activation of
cullin-RING ligases: conformational control of conjugation. Cell
134: 1995-1996, 2008.

25 Yamoah K, Oashi T, A. Sarikas, Gazdoiu S, Osman R and Pan
ZQ: Autoinhibitory regulation of SCF-mediated ubiquitination
by human cullin 1’s C-terminal tail. Proc Natl Acad Sci USA
105: 12230-12235, 2008.

26 Chairatvit K and Ngamkitidechakul C: Control of cell
proliferation via elevated NEDD8 conjugation in oral squamous
cell carcinoma. Mol Cell Biochem 306: 163-169, 2007. 

27 Soucy TA, Smith PG, Milhollen MA, Berger AJ, Gavin JM,
Adhikari S, Brownell JE, Burke KE, Cardin DP, Critchley S,
Cullis CA, Doucette A, Garnsey JJ, Gaulin JL, Gershman RE,
Lublinsky AR, McDonald A, Mizutani H, Narayanan U, Olhava
EJ, Peluso S, Rezaei M, Sintchak MD, Talreja T, Thomas MP,
Traore T, Vyskocil S, Weatherhead GS, Yu J, Zhang J, Dick LR,
Claiborne CF, Rolfe M, Bolen JB and Langston SP: An inhibitor
of NEDD8-activating enzyme as a new approach to treat cancer.
Nature 458: 732-736, 2009.

28 Varmuza S, Prideaux V, Kothary R and Rossant J: Polytene
chromosomes in mouse trophoblast giant cells. Development
102: 127-134, 1988. 

29 Edgar BA and Orr-Weaver TL: Endoreplication cell cycles:
more for less. Cell 105: 297-306, 2001. 

30 Traas J, Hulskamp M, Gendreau E and Hofte H:
Endoreduplication and development: Rule without dividing?
Curr Opin Plant Biol 1: 498-503, 1998.

31 De Luca A, De Falco M, Fedele V, Cobellis L, Mastrogiacomo
A, Laforgia V, Tuduce IL, Campioni M, Giraldi D, Paggi MG
and Baldi A: The serine protease HtrA1 is up-regulated in human
placenta during pregnancy. J Histochem Cytochem 52: 885-892,
2004.

32 De Falco M, Fedele V, Cobellis L, Mastrogiacomo A, Giraldi D,
Leone S, De Luca L, Laforgia V and De Luca A: Pattern of
expression of cyclin D1/CDK4 complex in human placenta
during gestation. Cell Tissue Res 317: 187-194, 2004. 

33 De Falco M, Cobellis L, Giraldi D, Mastrogiacomo A, Perna A,
Colacurci N, Miele L and De Luca A: Expression and
distribution of Notch protein members in human placenta
throughout pregnancy. Placenta 28: 118-126, 2007.

34 Brownell JE, Sintchak MD, Gavin JM, Liao H, Bruzzese FJ,
Bump NJ, Soucy TA, Milhollen MA, Yang X, Burkhardt AL, Ma
J, Loke HK, Lingaraj T, Wu D, Hamman KB, Spelman JJ, Cullis
CA, Langston SP, Vyskocil S, Sells TB, Mallender WD, Visiers
I, Li P, Claiborne CF, Rolfe M, Bolen JB and Dick LR:
Substrate-assisted inhibition of ubiquitin-like protein-activating
enzymes: The NEDD8 E1 inhibitor MLN4924 forms a NEDD8-
AMP mimetic in situ. Mol Cell 37: 102-111, 2010.

35 Cobellis L, De Falco M, Trabucco E, Caprio F, Federico E,
Manente L, Coppola G, Laforgia V, Colacurci N and De Luca
A: Modulation of BAX expression between physiological and
pathological human placentas throughout pregnancy. In Vivo 21:
777-783, 2007. 

36 Aplin DJ, Haigh T, Jones CJP, Church HJ and Vicovac L:
Development of cytotrophoblast columns from explanted first-
trimester human placental villi: Role of fibronectin and integrin
α5β1. Biol Reprod 60: 828-838, 1999.

Lucariello et al: Localization and Modulation of NEDD8 Protein in the Human Placenta

505



37 Murakoshi H, Matsuo H, Laoag-Fernandez JB, Samoto T and
Maruo T: Expression of FAS/FAS-ligand, BCL-2 protein and
apoptosis in extravillous trophoblast along invasion to the
decidua in human term placenta. Endocr J 50: 199-207, 2003.

38 Zimmet J and Ravid K: Polyploidy: occurrence in nature,
mechanisms, and significance for the megakaryocyte-platelet
system. Exp Hematol 28: 3-16, 2000.

39 Nagl W: DNA endoreduplication and polyteny understood as
evolutionary strategies. Nature 261: 614-615, 1976.

40 MacAuley A, Cross JC and Werb Z: Reprogramming the cell
cycle for endoreduplication in rodent trophoblast cells. Mol Biol
Cell 9: 795-807, 1998.

41 De Falco M, De Luca L, Acanfora F, Cavallotti I, Cottone G,
Laforgia V, De Luca B, Baldi A and De Luca A: Alteration of
BCL-2:BAX ratio in the placenta as pregnancy proceeds.
Histochem J 33: 421-425, 2001.

42 De Falco M, Fedele V, Cobellis L, Mastrogiacomo A, Leone S,
Giraldi D, De Luca B, Laforgia V and De Luca A:
Immunohistochemical distribution of proteins belonging to the
receptor-mediated and to the mitochondrial pathways in human
placenta during gestation. Cell Tissue Res 318: 599-608, 2004.

43 Cobellis L, Mastrogiacomo A, Federico E, Schettino MT, De
Falco M, Manente L, Coppola G, Torella M, Colacurci N and
De Luca A: Distribution of Notch protein members in normal
and pre-eclampsia-complicated placentas. Cell Tissue Res 330:
527-534, 2007.

Received April 30, 2013
Revised June 10, 2013

Accepted June 11, 2013

in vivo 27: 501-506 (2013)

506


