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Development and Performance Evaluation of a Quantitative Reverse Transcription PCR
Kit for the Determination of prohibitin Gene Expression
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Background: Prohibitin (PHB) regulates intracellular signal pathways, transcription, and cell cycles. Aberrant expression of the PHB gene is
known to be related totumorigenesis, tumor progression, and chronic metabolic and inflammatory diseases. The present study aimed to develop a
one-step quantitative reverse transcription PCR (RT-qPCR) kit for quantifying PHB mRNA levels and evaluate its performance in the laboratory.
Methods: TagMan chemistry was used to develop the one-step PHBI and PHB2 RT-qPCR kit. Normal peripheral blood cells from healthy individu-
als (N=20) and leukemia cells from patients initially diagnosed with acute myeloid leukemia (AML, N=20), chronic myeloid leukemia (CML, N=13),
and acute lymphoid leukemia (ALL, N=7) were enrolled to evaluate the laboratory performance of the kit using commercially available total hu-
man RNA controls.

Results: The intra-assay and inter-assay precision of the kit developed in this study was less than 2%. The distribution of PHB1 mRNA expression
of AML, CML, and ALL was 0.898-0.993 (median: 0.936), 0.817-0.976 (0.918), and 0.844-1.074 (0.973), respectively. The distribution of PHB2 mRNA
expression of AML, CML, and ALL was 0.957-1.024 (median: 0.985), 0.988-1.047 (1.002), and 0.937-1.059 (1.004), respectively. The sensitivity, speci-
ficity, positive and negative predictive value, and test effectiveness of the developed PHBI and PHBZ kit were greater than 50% for each parameter.
Conclusions: Our developed kit would be useful for diagnosing leukemia as well as detecting residual disease. Additionally, this kit could be

used for monitoring and conducting molecular pathophysiological studies of obesity, metabolic, and inflammatory diseases.
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1. PHB1 & PHB2 RR7TIXt SHAS FTAL SESLAMLS
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PHB 74 e A ES 913 A Saadadt-s
7|E+= TagMan 313t 7]&5 7202 st ZEsiGich PHBI,
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Table 1. Nucleotide sequences for primers and probes

Primers/Probes Sequence”

PHBT Probe [FAM]TGTGGXXXXXXXXXXCAGAGCTG[EBQ]

PHBT Reverse GGAGXXXXXXXXAACTCTG

PHB1 Forward CTGGXXXXXXXXGTGGTCGA

PHB2 Probe [TETITGACATXXXXXXXXXXCCTCGAIEBQ]

PHB2 Reverse CTTGGTXXXXXXXXCCCATT

PHB2 Forward CGAGAXXXXXXXXCAGGG

ABL Probe [FAM]TCTAAXXXXXXXXAAAGGT[EBQ-dT]
GAAAAXXXXXXXXTCTT[Phosphate]

ABL Reverse AAAATGXXXXXXXXCTTTTCG

ABL Forward CCATTCCXXXXXXXXATTATAGC

"X represents nucleotides hidden for security reasons.
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A3} PHB1 Z 2 B A AHERE 5U3 EBQ quenchers 25}
of ABIh A T B AN 253 toral RNA Ei
MRNAZEE| PHBI (F= PHB2) 33A} ABL G317 Wralek
S 53t ¢t 7] FHoA] HHo| & Al(reverse transcription,
RT) 23} Agraeha A H-S-(quantitative polymerase chain
reaction, qPCR)©] H8YE|+= one-step RT-qPCR 7| EZ 7§51
thGeneMedikit® PHBI RT-gPCR kit W GeneMedikit® PHB2RT-
gPCR kit; GeneMedica, Gwangju, Korea).

2. x| QIZtFeH RNA E2|SE

AAIARY TheFet HAE Bl e = e 2089
oS A dsto] BARANA PHBI B PHB2 704} EH
S Bayesian] ©. 2 oI ITh &Ry hato] 7-9- 2]
AE ol&stledl, 5d=uEy 209
139, 2183l FAH I ERY 79|15 o]-8-515iT, oE Al
A] total RNAQ] &8 AMHES] 7] E(Invitrogen™ RNAqueous To-
tal RNA Isolation Kit; Thermo Fisher Scientific, Waltham, MA, USA)
£ 0] 853t Total RNAS] 5= E3353=H(Micro UV-VIS spec-
trophotometer; Malcom, Tokyo, Japan) 2. & Z%J3}o] PCREH3-0]|

o] &3k

N 71ES] HAbs B7HE flell, S o2 st Itt
S RNA #H&]E-2(Thermo Fisher Scientific)2 0]-8-5}5ck $kA;
el AAl= AL S oA 2R ZE5Sko] ARSHAL, ofot
Testo] 71338993 $9(CNUHH-2019-00D8 Qof & <
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ek 5ol F7HE Sl A5 54 22 =4 DEPCA 2
SHTE ARSI A di2dA 2 AEekE e to-
tal RNA control (ThermoFisher Scientifio)2 ©]-8-3}t}t AW E
H7H= AREshE 7RG total RNA control (ThermoFisher Sci-
entifico S 0|85}, 24 U AWi(intra-assay precision)2} 7%
7F AU (inter-assay precision) B7}E $J8) 447+ 1% 1084
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Fig. 1. Amplification plots of standards for ABL (upper panel), PHB1
(middle panel), and PHB2 (lower panel) genes. Five standards of ABL,
PHB1, and PHB2 genes were used in each experiment with the same
number of copies (Standard 1: 2x10” copies/uL, Standard 2: 2x10°
copies/ul, Standard 3: 2x10* copies/plL, Standard 4: 2x10° copies/pL,
Standard 5: 2x10° copies/uL).

of et #Ex9] 3482 717} 10155+1050% (Ft + BT
Zp 2 102.09 £10.88%33, 7]27]+= -3.31 9 -3.300]Qic). A
PHBI % PHB2 %z=2749] 7If]of| tiet R 242 0996 2
0.995°] AT (Fig. 2).
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Fig. 2. Theslope of the standard curve used toestimate PCR amplification efficiency of ABL (upper), PHBT (middle), and PHB2 (lower) genes. A stan-
dard curve is graphically represented as a semi-log regression line plot of the Cq value versus log of standard nucleic acid copies.
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Table 2. Precision evaluation of the GeneMediKit® PHB1 and PHB2 RT-
qPCR using human total RNA as a control

_— Test Intra-assay precision Inter-assay precision
No. Mean SD v Mean SD cv

PHB1 40 0.983 0.010 1.095 0.983 0.011 1.150

PHB2 40 0890 0014 1.613 0.891 0015 1.689

242t 2% ol fe T OfEe HUEE Wk PHBIT PHB2 §
AR PR 120 274 7 AR 2% o] 950 FUE

£ HtH(Table 2).
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Fig. 3. Distribution of PHB1 and PHB2 mRNAexpressionin healthy individuals and individuals with acute myeloid leukemia (AML), chronic myeloid

leukemia (CML), and acute lymphoid leukemia (ALL)., P<0.05.

Table 3. Diagnostic efficacy of the GeneMediKit°PHB1 and PHB2 RT-
qPCR kit

PHB1 PHB2
Leuke- Healthy Total  Leuke- Healthy Total
maN) (N (N ma®N) N (N
PHB quantification
Out of Rl (+) 25 4 29 32 5 37
Within R () 15 15 30 8 12 20
Total (No) 40 19 59 40 17 57
Laboratory performance for leukemia
Sensitivity 62.5 80.0
Specificity 789 70.6
PPV 86.2 86.5
NPV 50.0 60.0
TE 50.4 53.1

Abbreviations: RI, reference interval; PPV, positive predictive value; NPV, negative
predictive value; TE, test effectiveness.
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Z}7+ 0957-1.024 (Z5F5E 0985), 0988-1.047 (FFZk 1.002), 0.937-
1059 (F95k 1.00D0IRITk PHBI {7d4F E@ws2 A/delel v
YA T S-S dWEHolu SAAH MY Ao
A FolsHAl H fzo] Ut e IEES l8Ich(P<0.05; Fig.
3). ?HH, PHB2 f7AAF w2 401e] WatA 2 Rt 34
T/ e WIS AN EEA oA Y51 T =o
Ueh= 21 & 4= 2ASIth(P<0.05; Fig. 3).
7. BAS(ZIHtE 8)HS

GeneMediKit® PHBI RT-qPCR (GeneMedica) 7| Eo]| 2|3t PHB1
AL Ao e HAe] WE ol tigk RIZHE, S0, A
28 S48 9 AAL 858 22 625%, 789%, 86.2%, 50.0%
2 50.4%3Jck $HH GeneMediKit® PHB2 RT-gPCR (GeneMedica)
71E0 o3t PHB2 4414} AN WEHo] dial W=, &
olt, FIASE, N5 E L AA A5 22 80.0%, 70.6%,
86.5%, 60.0% X 53.1%CH(Table 3).
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