17 45 2013—11—05
Chinese Journal of Tissue Engineering Research November 5, 2013 Vol.17, No.45

e =
& Www.CRTER.org

130000)

1984

2009

jake-chu@hotmail.com

130000
lichunyi1959@163.com

:R318
A
:2095-4344
(2013)45-07961-07

2013-05-29
(201305068/D - W)

doi:10.3969/.issn.2095-4344.2013.45.021 [http://www.crter.org]
- [J]. 2013 17(45):7961-7967.
_ *k*
(
1
2
3
973

973 (2011CB111500)* (20101575)* 863 (2011AA100603)*

1994 1 2012 10 PubMed (http://www.ncbi.nlm.nih.gov/ PubMed)

deer antler antler regeneration; stem cell English

87 36

Deer antler: A stem cell-based organ regeneration research model
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Abstract

BACKGROUND: Deer antlers are the unique mammalian organs which can periodically regenerate, and the
process is known as a stem cell-based event. Exploring the underlying mechanism of deer antler regeneration
and indentifying the functional role of stem cell in mammalian organ regeneration are of great importance to
regenerative biology and regenerative medicine.

OBJECTIVE: To review the relevant literatures of the research progress in antler regeneration, as well as effects
of stem cells and cytokines on antler regeneration.

METHODS: A computer-based online search of PubMed (1994-01/2012-10) was performed for acquiring the
articles in English by using the key words of “deer antler; antler regeneration; stem cell. In addition, manual
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search was also performed for those literatures that cannot be readily obtained from internet search. Articles concerning
antler regeneration histology, morphology, antler stem cells and micro-environmental studies, and related cytokines.
Repetitive studies or articles that are unrelated to the criteria set for the article were excluded.

RESULTS AND CONCLUSION: A total of 87 articles were obtained and finally 31 articles were selected. The key tissue
types for antler regeneration are antlerogenic periosteum and pedicle periosteum, the cells within which are known as
antler stem cells. The covering skin of antlerogenic periosteum and pedicle periosteum constitutes the functional niche
for antler stem cells. Numerous cytokines are involved in the process of antler fast growing and full regeneration,
including insulin-like growth factor, sex hormones, human epidermal growth factor, and vascular endothelial growth
factor. It is vitally important to identify the interacting molecules between the antler stem cells and their niche cell types,
and to define the role of each molecule that plays in antler regeneration, which will greatly advance our knowledge of the
stem cell-based mammalian organ regeneration.

Subject headings: stem cells; bone and bones; bone regeneration; cytokines
Funding: the National Key Basic Research Special Foundation of China, No. 2011CB111500%*; the Natural Science
Foundation of Jilin Province, No. 20101575%; the National “863” Program of China, No. 2011AA100603*

Chu WH, Wang DT, Lu XP, Li CY. Deer antler: A stem cell-based organ regeneration research model. Zhongguo Zuzhi
Gongcheng Yanjiu. 2013;17(45):7961-7967.

1 2012 10 PubMed

0 Introduction (http://www.ncbi.nlm.nih.gov/PubMed)

1.2
(Ref)
13

(Ref) 36
(Ref)

deer antler antler regeneration; stem cell

87

2 Results

2.1 [1-9]

[16-19]
(Ref) [20-31]

[9-15]

[32-36]

(Ref)

(Ref)

1 Data and methods

1.1 1994

7962 P.O. Box 1200, Shenyang 110004 ~ www.CRTER.org



@;ﬂ wWww.CRTER.org

[2]

periosteum PP)

131

(blasterma)

5-8 cm)

Li [4]

(5]

[6]

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

[7]
Lacz ®©

[0l

2.3
Li ®

CD9 Oc4 SOX2 Naong®
Nucleostemin

Nucleostamin
[11-12]

Stro-1"¥

[14]
(18]

4]

C.Cl,

N2

Xgal

[10]

7963



- % WWw.CRTER.org

24

Li [19]

Goss [1®

[6]
7

( 2.5

(18]

7964 P.O. Box 1200, Shenyang 110004 www.CRTER.org



- @;ﬂ wWww.CRTER.org

/ 1
[20] / bcl-2  bax
1 [27]
bax
1
[21]
1
[22]
1
/
(EGF)
/
/ (EGFR)
[28]
Suttie %4
1
Clark ™2
1
[23]
(0.1-5.0 nmol)
1 [25]
1.0-2.0 cm/d"?®!
TUNEL
[27]
TUNEL 64%
121 165
(
mRNA (301

3 Fl-t 1(fms-like yrosinekinase-1 VEGFO1)
KDR(kinase domain region VEGFRO2) FI-t
4(VEGFRO3)

KDR

mMmRNA

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH 7965



@ WWw.CRTER.org

Li [31]
mRNA
[32]
10-50 mg/L
[33]
[34] [35]
1B a
[36]
Suttie 224
[28]
4 References
[1] LiC, Suttie JM, Clark DE. Histological examination of antler
regeneration in red deer (cervus elaphus). Anat Rec A Discov
i Mol Cell Evol Biol. 2005;282(2):163-174.
3 Conclusion

[2] LiC, Suttie JM, Clark DE. Morphological observation of antler

7966

regeneration in red deer (Cervus elaphus). J Morphol. 2004;
262(3):731-740.

P.O. Box 1200, Shenyang 110004 www.CRTER.org



% wWww.CRTER.org

(3]

(4]

(3]

6]

(71

(8]

9]

[10]

(1]

[12]

[13]

[14]

[19]

[16]

[17]

(18]

Call MK, Tsonis PA. Vertebrate limb regeneration. Adv
Biochem Eng Biotechnol. New York:Oxford University Press.
2005;93:67-81.

Li C, Mackintosh CG, Martin SK,et al. Identification of key
tissue type for antler regeneration through pedicle periosteum
deletion. Cell Tissue Res. 2007;328(1):65-75.

Li C, Yang F, Li G, et al. Antler regeneration: A dependent
process of stem tissue primed via interaction with its
enveloping skin. J Exp Zool A Ecol Genet Physiol. 2007;
307(2):95-105.

Goss RJ. Deer antlers. Regeneration, function and evolution.
New York, NY: Academic Press,1983.

Gao Z, Yang F, McMahon C, et al. Mapping the
morphogenetic potential of antler fields through deleting and
transplanting subregions of antlerogenic periosteum in sika
deer (Cervus nippon). J Anat. 2012;220(2):131-143.

Li C. Development of deer antler model for biomedical
research. Recent Adv Res Updates,2003,4:256-274.

Li C, Suttie JM. Deer antlerogenic periosteum: a piece of
postnatally retained embryonic tissue? Anat Embryol (Berl).
2001;204(5):375-388.

Yang C, Przyborski S, Cooke MJ, et al. A key role for
telomerase reverse transcriptase unit in modulating human
embryonic stem cell proliferation, cell cycle dynamics, and in
vitro differentiation. Stem Cells. 2008;26(4):850-863.
Beekman C, Nichane M, De Clercq S, et al. Evolutionarily
conserved role of nucleostemin: controlling proliferation of
stem/progenitor cells during early vertebrate development.
Mol Cell Biol. 2006;26(24):9291-9301.

Maki N, Takechi K, Sano S, et al. Rapid accumulation of

nucleostemin in nucleolus during newt regeneration. Dev Dyn.

2007;236(4):941-950.

Rolf HJ, Kierdorf U, Kierdorf H, et al. Localization and
characterization of stro-1 cells in the deer pedicle and
regenerating antler. PLoS One. 2008;3(4):e2064.

Berg DK, Li C, Asher G, et al. Red deer cloned from antler
stem cells and their differentiated progeny. Biol Reprod. 2007;
77(3):384-394.

Li C, Suttie JM, Clark DE. Deer antler regeneration: A system
which allows the full regeneration of mammalian apendages.
Advances in Antler Science andProduct Technology. New
Zealand Mosgiel, Taieri Print Ltd. 200:1-10.

Goss RJ, Powel RS. Induction of deer antlers by transplanted
periosteum. |. Graft size and shape. J Exp Zool. 1985;235(3):
359-373.

Li C, Harris AJ, Suttie JM. Tissue interactions and
antlerogenesis: new findings revealed by a xenograft
approach. J Exp Zool. 2001;290(1):18-30.

Gao X, Yang F, Zhao H, et al. Antler transformation is
advanced by inversion of antlerogenic periosteum implants in
sika deer (Cervus nippon). Anat Rec (Hoboken). 2010; 293
(10): 1787-1796.

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

[19]

(20]

(21]

(22]

[23]

[24]

[29]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

(34]

(39]

(36]

Li C, Suttie JM. Tissue collection methods for antler research.
Eur J Morphol. 2003;41(1):23-30.

Francis SM, Suttie JM. Detection of growth factors and
proto-oncogene mRNA in the growing tip of red deer (Cervus
elaphus) antler using reverse-transcriptase polymerase chain
reaction (RT-PCR). J Exp Zool. 1998;281(1):36-42.

Gu L, Mo E, Yang Z, et al. Expression and localization of
insulin-like growth factor-i in four parts of the red deer antler.
Growth Factors. 2007;25(4):264-279.

Price J, Allen S. Exploring the mechanisms regulating
regeneration of deer antlers. Philos Trans R Soc Lond B Biol
Sci. 2004;359(1445):809-822.

Suttie JM, Gluckman PD, Butler JH, et al. Insulin-like growth
factor 1 (IGF-1) antler-stimulating hormone? Endocrinology.
1985;116(2):846-848.

Suttie JM, Fennessy PF, Gluckman PD, et al. Elevated
plasma IGF 1 levels in stags prevented from growing antlers.
Endocrinology. 1988;122(6):3005-3007.

Sadighi M, Li C, Littlejohn RP, et al. Effects of testosterone
either alone or with IGF-I on growth of cells derived from the
proliferation zone of regenerating antlers in vitro. Growth
Horm IGF Res. 2001;11(4):240-246.

Ozkanlar S, Akcay F. Antioxidant vitamins in
atherosclerosis--animal experiments and clinical studies. Adv
Clin Exp Med. 2012;21(1):115-123.

Sugimoto K, Toyoshima H, Sakai R, et al. Frequent mutations
in the p53 gene in human myeloid leukemia cell lines. Blood.
1992;79(9):2378-2383.

Barling PM, Lai AK, Nicholson LF. Distribution of EGF and its
receptor in growing red deer antler. Cell Biol Int. 2005;29(3):
229-236.

Clark DE, Li C, Wang W,et al. Vascular localization and
proliferation in the growing tip of the deer antler. Anat Rec A
Discov Mol Cell Evol Biol. 2006;288(9):973-981.

Clark DE, Lord EA, Suttie JM. Expression of VEGF and
pleiotrophin in deer antler. Anat Rec A Discov Mol Cell Evol
Biol. 2006;288(12):1281-1293.

Stone L, Codeére F, Ma SA. Streptococcal lid necrosis in
previously healthy children. Can J Ophthalmol. 1991;26(7):
386-390.

[J].

,2011,30(23):72-73.

[J]. ,1998,19(2):74-76.
[J]. ,2005,15(1):34-37.

[J]. ,1999,25(5):586-588.

[J]. ,2012,25(5):418-423.

7967



