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Abstract

Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) is a simple and

effective method to quantify RNA molecules. This technique has become an essential tool to

determine gene expression profiles in target cells and tissues. Although RT-gqPCR is highly

sensitive and specific, it requires appropriate selection of optimal reference genes for

normalization to assure accurate and reliable results. In our recent study, we assessed

expression stability of the candidate reference genes for normalization in the synovium of knee

osteoarthritis and evaluated the impacts of the reference gene choice on gene expression

profiles. In the present manuscript, we will introduce our recent article, explain the way to

select suitable reference genes for normalization of RT-qPCR data, and review the suitable

reference genes for RT-qPCR analyses in orthopaedic research.

(HARBERR AR MRS 2019; 15: 24-31)
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Table 1 Expression stability and ranking of seven candidate reference genes, evaluated by geNorm, NormFinder,

and BestKeeper algorithms

Comprehensive

. geNorm NormFinder BestKeeper
ranking
Reference G - Coeffici
gene eometric o, oetficient
mean of Rank M value Rank Stability Rank SD of Rank
value .
ranks correlation
HPRT1 1.260 1 0.326 1 0.039 1 0.819 0.882 2
GAPDH 2.466 2 0.326 1 0.051 3 0.680 0.813 5
YWHAZ 2.885 3 0.388 3 0.043 2 0.775 0.839 4
SDHA 3.271 4 0477 5 0.101 7 0.998 0.959 1
ACTB 3.634 5 0433 4 0.089 4 0.877 0.850 3
RPL13A 6.000 6 0519 6 0.098 6 0.801 0.803 6
B2M 6.257 7 0.555 7 0.094 5 0.984 0.766 7

(quoted from Ref. [6])
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Fig. 1 Sexually dimorphic expression of the steroid
receptor genes in the synovium
Expression of the AR, ESR1, ESR2, GR, MR,
and PR genes in the knee osteoarthritis
synovium was quantitatively analyzed by
RT-qPCR. The expression level of the ESR2
gene was below the quantification limit (100
copies/40 ng of total RNA). HPRT1 was used
for normalization. Data are presented as the
mean=SD. Student's ttest: *, P<0.05.
(quoted from Ref. [6])
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Fig. 2 Correlations between BMI and expression levels of the steroid receptor genes in the synovium

Correlations between BMI and expression levels of the steroid receptor genes were evaluated
in the knee osteoarthritis synovium. Expression levels of the AR (A) and PR (B) genes in the
synovium from women were positively correlated with BMI. (quoted from Ref. [6])



28 HEEKESES 2019; 15(1)

A % % B *
© E]
O
15 ° 15 |
;I
% 1 Q. 10 -
& I
™ © )
N 8 <
0.5 - 5 5 o
O 8]
= B g
g ° :
0 - 0 -
o o g L
F & ¥ &
= &
C D
*
0.003 - 0.09 -
@]
S 3 o
0.002 - 0.06 -
ek
& £ a
“ 'D
.| =l o
— @] Rl @] o
0.001 o 0.03 - o
——— 5 o
6
]
§ éﬁ‘ o o
$ ¥ _‘?6@

Fig. 3 Impacts of the reference gene selection on expression profiles of
the inflammatory cytokine genes in the synovium
Expression of the IL1B (A and C) and IL6 (B and D) genes in the
knee osteoarthritis synovium was quantitatively analyzed by RT-
qPCR. The most suitable and unsuitable reference genes, HPRT1
(A and B) and B2M (C and D), respectively, were used for
normalization. Horizontal bars indicate mean. Student’s t-test: *,
P<0.05; **, P<0.01. (quoted from Ref. [6])

Moz, TO—FT, WHEFEWICILIB & IL6 #Eix THMALT % EHIBBERA  Fig. 4B, 4D £ 70, 7
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L7z, ShoMBEZBGUICRS & Fig. 4A, 4C & Thbb, NEELRSHERT B2M THELY 5
%Y, THOHMEIL, oM T Sz A 7oA &, VBN IL6 MIAFIREBMSMBMEELRL, &5

FERVEAMEHOMEE —% 352 La»L, B2M W2, BT M OBBAMEBRIMEIL SNS. ZD 720,



H KRR 2% 2019; 15(1)

29

Synovium from men
Reference gene: B2M

IL1B IL6

A
Synavium from men
Reference gene: HPRT1
IL1B —- IL6
Cc

Synovium from women
Reference gene: HPRT1

o]

Synovium from women
Reference gene: B2M

9

LB | = =——— = -> IL6

IL1B | == —— = -> IL6

Fig. 4 Relations among the steroid receptor and inflammatory cytokine genes in the

synovium

Relations among the steroid receptor and inflammatory cytokine genes in the knee
osteoarthritis synovium were represented schematically. IL-1p is known to induce
expression of the IL6 gene. Expression levels of the IL1B and IL6 genes were positively
correlated in the synovium from men (A and B) (solid arrows), while no correlation
between expression levels of the genes was observed in the synovium from women (C

and D) (dashed arrows). HPRT1 was used for normalization in panels A and C,
whereas B2M was used in panels B and D. Arrows and T-bars indicate induction and

inhibition, respectively.
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Table 2 Recommended reference gene(s) for normalization of RT-qPCR data in orthopaedic research
Tissue Location Clinical presentation Reference gene(s) Reference
Articular Glenohumeral Shoulder instability HPRT1 Leal MF et al. [24]
capsule joint HPRT1 + B2M
Tendon Rotator cuff Rotator cuff tear HPRT1+TBP+ACTB Leal MF et al. [25]
Meniscus Knee joint Meniscal tear and others HPRT1+TBP + Leal MF et al. [26]
GAPDH
Ligament Anterior cruciate Anterior cruciate ACTB+TBP+18S + Leal MF et al. [27]
ligament ligament tear and others HPRT1
Articular Hip and knee Osteoarthritis TBP + PRL13A + B2M Pombo-Suarez M et al. [28]
cartilage joints
Synovium Knee joint Osteoarthritis HPRT1 Watanabe H et al. [6]

GAPDH DBt 2 /R § SR & LGRS
ha'

bW

RT-gPCR % F W7z 5 Ble st ix, BB ibe
I T HIRREIEIE - AT DRI R 2 v
MATFEE o Twa. LaL, ERMATHERDER
L7222 B ORBRLH OB 2 2T R d »
0, e R BIGE R BRI oM - AP
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Tid, SHEE R L D ERPRIRIEE L 2T
HTENbDH2H, EEEETS. 5612, SR
TR ORI 2 G CHIZREH S 2 & 9 R B BehnBlE
RGBT HHMEEE DML T 5. FEBRO M
ZHGES % 9 2 T SHGEA T OBIUL B 2 BT
BThHb., 2070, RT-qPCR #EZE AV 7285 T3
BUERMNT TIE, FEBIRE M % L IS S IR R 2R
ZHEEIAT) LENDH D,
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