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Abstract Annual full regeneration of deer (Cervidae) antlers has been proved to be a stem cell- based
process, and antler stem cells reside in both antlerogenic periosteum (AP) and pedicle periosteum (PP). The
extraordinary growth rates of antlers provide us a rare system in which rapid cell proliferation is elegantly
regulated without becoming cancerous. Thus deer antlers are unique mammalian organs that have potential to
be a valuable model for biomedical research, such as the areas of stem cell, organ regeneration, bone
development and growth control. qRT-PCR is one of the most common-used techniques in molecule biology

study of deer antler. Appropriate internal reference genes are prerequisites for the accurate analysis of gene
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expression in antler research by qRT-PCR. In this study, antler stem cell tissue samples including AP, PP and
facial periosteum (FP) (as a perfect negative control in antler stem cells research) were collected using surgical
operation in a relative sterile environment. Antler growing center tissue samples, including reserve
mesenchymy (RM), precartilage (PC), transition zone (TZ) and cartilage (C) were isolated from growing
antler tips. Primary culture of these cells were carried out after release cells from these tissue types using type
I collagenase (150 U/mL) and cells were cultured in dulbecco's modified eagle medium (DMEM) with 10%
fetal calf serum (FBS) in 37 °C and 5% CO.. Stability of mRNA expression and levels of 6 candidate reference
genes, including actin beta (ACTB), tubulin alphala (TUBAIA), TATA box binding protein (TBP),
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), glucose-6-phosphate dehydrogenase (G6PDH) and beta-
2-microglobulin (B2M) in antler growth center cells and antler stem cells were measured by through gRT-PCR
method. Software, which are Delta- €t method, geNorm (ver.3.5), Bestkeeper (ver.1.0), NormFinder
(ver.0.953) and RefFinder, were used to analyze all the acquired data. The results showed that expressions of
ACTB and TUBAIA genes were most stable in antler stem cells; B2M and ACTB in antler growth center cells.
The results of comprehensive analysis using the software indicated that B2M, ACTB and TUBAIA genes were
the most stable reference genes, and suitable for antler research. The present study provides a foundation for

accurate quantification of differential gene expression for antler research and mechanistic study of this

fascinating model for mammalian organ regeneration.
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Figure 1 Sampling and primary cell culture for antler stem cell and growth center tissue
A FER R B ORI s C. UREER AL DI 77 20 D. SRR 37 E. &0 P gL (1) JEU ARG i 5 2 BORE B 467

A. Sketch map of sampling location; B. Sampling location; C. Sampling methods; D. Primary culture; E. Rhodamine stained pri-

mary cells; *: Sampling location.
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Table 1 Cells for deer research

2H ) 455 (AR

Group Abbreviation Sample name

FEETam A APC B X B IEAIH Antlerogenic periosteum cells

Antler stem cells PPPC X A E A Potentiated pedicle periosteum cells
DPPC PRBR X A7 B B4 i) Dormant pedicle periosteum cells
FPC THIERE A Facial periosteum cells

AR 2 RMC JeE T ity (] 78 R 400 Reserve mesenchymycells

Antler growth center cells PCC JEE R T AT AR JZ 40 Precartilage cells
TZC JEE HETH I X 40 Y. Transition zone cells
cC JEH TR CE 241 Cartilage cells

&2 qRT-PCREJEMERKHS|4

Table 2 The internal reference genes and primer pairs for real-time fluorescent quantitative PCR

£RH D) SIMFFHIG-37) I3 Fr Bi/op
Gene ID (Bos taurus) Primer sequences Amplicon length
TBP NM_001075742.1 F:GTCCACAACACCACTGAG R:TGCTTACCCACCAACAG 267

ACTB  AY141970.1 F: GCGTGACATCAAGGAGAAGC R: GGAAGGACGGCTGGAAGA 134

TUBAIA NM_001166505.1 F: GCCAGATGCCAAGTGAC R:TGCCAGTGCGAACCTCATC 126

G6PDH  AY862878.1 F: ACCTACATCGTGGGCTAT R: TTGTAGGAGGCAGTGTCA 146

GAPDH XR _001295477.2 F: ATGTTTGTGATGGGCGTGAAC R: CCAGTAGAAGCAGGGATGATGTT 265

B2M NM_173893.3 F: TTGGTCCTTCTCGGGCTG R:CTTCTCCCCATTCTTCAGC 181

TBP: TATA 2548 13 ACTB: Beta- WL 2 [1; TUBAIA: 1 55 [ alpha 1a; G6PDH : 6-T R %) Wi i M ; GAPDH : 3-T IR H

TS WU s B2M: Beta-2-f43R 5 ;5 N[

TBP: TATA box binding protein; ACTB: B-actin,; TUBA1A: Tubulin, alpha la; G6PDH: Glucose-6-phosphate dehydrogenase; GAP-
DH: Glyceraldehyde-3-phosphate dehydrogenase; B2M: Beta-2-microglobulin; The same below
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Figure 2 PCR products of 6 reference genes

M: DL 2000 marker; 1: TBP; 2: ACTB; 3: TUBAIA; 4: G6PDH,
5: GAPDH,; 6: B2M
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Figure 3 Real-time PCR melting curve of 6 reference genes in deer cells
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Table 3 qRT-PCR standard curves of 6 candidate reference genes

L cDNA BEIY CefE IR ith Ze At RERB R B BEIRLE/C
Gene Ct value of initial Amplification Slope of Determination Melting
c¢DNA solution efficiency amplification curve coefficient temperature

TBP 16.1779 0.81664 -3.857 0.9938 76.3

ACTB 14.20027 0.974613 -3.3843 0.9997 84.5

TUBAIA 14.21913 0.949194 -3.45 0.9966 81.3

G6PDH 14.85823 1.094145 -3.1152 0.9966 83.4

GAPDH 14.16763 1.335784 -2.7142 0.9846 84.4

B2M 19.41827 1.103513 -3.0965 0.9957 80.6

x4 NERBZEENSERRESHF

Table4 Stability ranking of 6 candidate reference genes

R Tk ey (Fa e B, m—1I0)

Groups Methods Ranking order(stability, high—low)

1 2 3 4 5 6

T4 Delta Ct ACTB B2M TUBAIA G6PDH  GAPDH TBP

Stem cells geNorm ACTB/TUBAIA B2M GAPDH G6PDH TBP
Normfinder TUBAIA TUBAIA B2M G6PDH GAPDH TBP
Bestkeeper B2M ACTB TUBAIA GAPDH G6PDH TBP
GEHF ACTB TUBAIA B2M GAPDH G6PDH TBP
Recommended comprehensive ranking

A A Delta Ct ACTB B2M G6PDH TUBAIA GAPDH TBP

Growth center cells geNorm ACTB/B2M G6PDH TUBAIA GAPDH TBP
Normfinder B2M ACTB TUBAIA G6PDH GAPDH TBP
Bestkeeper B2M ACTB G6PDH TUBAIA GAPDH TBP
LAY G6PDH  TUBAIA GAPDH TBP
Recommended comprehensive ranking B2M ACTB

FAf+A KO 4 Delta Ce ACTB B2M TUBAIA G6PDH GAPDH TBP

Stem cells+growth geNorm ACTB/B2M TUBAIA G6PDH GAPDH TBP

center cells NormFinder B2M ACTB TUBAIA G6PDH GAPDH TBP
Bestkeeper B2M ACTB TUBAIA G6PDH GAPDH TBP
AT B2M ACTB  TUBAIA G6PDH GAPDH TBP

Recommended comprehensive ranking
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