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Abstract: Developing the method for the selection of ani-
mal cell line producing therapeutic monoclonal antibody
(mADb) is invaluable as its market is rapidly growing.
Although the quality of produced mAb is as important as
quantity, however there is no method developed for the selec-
tive screening of cell lines on the basis of both quantity and
quality. From recent reports, the ratio of light and heavy chain
mRNAs of mAb in the cell is a key parameter for the indica-
tion of product quality. Therefore, it is obvious that develop-
ing the novel method that can detect both light and heavy
chain mRNAs in single live cell will provide unprecedented
opportunities in bio-industry. Here, we have constructed oli-
gonucleotide probes, molecular beacons for the detection of
light or heavy chain mRNAs, respectively, in the live cells
producing mAbs. Both beacons showed increased fluores-
cent intensity after transient transfection of plasmid express-
ing mAbs analyzed by fluorometer. Flow cytometric analysis
clearly demonstrated that both molecular beacons can simul-
taneously detect the expression of light and heavy chain
mRNAs of mAb in the same cell. The technique described in
the thesis provides the new direction and concept for develop-
ing the method for the smart selection of cell lines producing
recombinant proteins including therapeutic mAbs.
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1. INTRODUCTION

A 7E FUEE3A (Monoclonal antibody; mAb)E 540
2 g uto| 2 OJoFE A|Ao] FHE R ARshuA AxT T
A A 715 kel tiet B ado] thRE AL Qe 53] &
A AR A E S A ERE B8 A 02 AUsE 7]
& 7Nkl gk a7t —7P°}i At 71&Eod = 2 F A
ZA}H (anti-apoptosis) 7] &2 231 | EF 9 A &=
ape] A7k WS AT, o 58 A RS A8}
Ao thgh Atol ik %Jﬁ"éol e Qi A 28
A @ HE 7} transfection A -2 3] A]S}o] A|ES
At Walo] nAH 0w Agu Tk, Hols
FACS (Fluorescence activated cell sorter)S 7|HHO. 2 A|Z 2
HE S E = A58 FAE AEZ 2HAA AE6h= A
o] 7)4o] fo] AH-E| L Slc. FACS 7]4h o] 4%, 3
A7F e EHA YAIH 02 A2 EH| EA 51| H =],
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4o A H AR Bgste] A W, Matrix-
based secretion assays, LEAP (Laser-enabled analysis and pro-
cessing) 5 o 2| W o] ZARIT[1]. ZL2|H o] 5 W ol Al
© 54 ATl ARk 4= o, Ao tigt =49 &
AZFEAE o 1AL, an|go] AR ETE T o] Qlok wh
2hA o2t S-S S 5T 4 O HA = A0 27
A oA AAtE = GASEFA Y S Heol 2
(quality)oll gt HHE d& o= A= o did 71< W
o] = g &}t

o|e} yedsto] 2 AWE (Genentech, Inc.)of| A 33t
wwol maE 2 7] AE S Sl Ao HE
A Arolo] #Alol Hisl] A5 A3 ke,
mRNAS| ¢Fo] A e of YA ot Ao &= &
AT [2]. o2 H=o] 42t F4) mRNAS] H|&o] 1.5
oJsiQl -, el A T o] 33 (aggregation) H]E
o] &olA Aol "ol A HE st =, A4
(Light Chain)®} 54} 2] mRNA 4] v]&o] Yite= ddF
23 F2 =8 54 (Quality)y= 2Hst= S8 M
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Fig. 1. Live cell monoclonal antibody mRNA detection using mole-
cular beacon (MB) (A) Molecular beacon and its hybridization with
C. and C;mRNAs, respectively. (B) Schematic illustration of novel
selection technique of antibody expressing cell lines using molecu-
lar beacons. After transfection of plasmid encoding mAb, C; and Cy
DNAs are subsequently transcribed and translated into the mRNAs
and proteins inside the cells. After translation, folding, and assemb-
ling processes, the mAbs are secreted out of cells. C; and CymRNAs
can be detected using their specific molecular beacons (MB-C; and
MB-Cy) in live cells.

7b =le} [3-9]. 2k A skl @A Aol A A
4tEl s LS EFA Y S A 7o 2 Al2aE A
ot 7]e2 EASHA et ol & Al Aol e Al
3 WE oA 4ot 549 mRNAE FAo &5k 7]&
Wero] "HQsich E Lo A= oligonucleotide probe?l
molecular beacon (MB) ©]-&35}¢] Q17 A Z 2842 4
2o} F4 mRNAE o} ol Al 220 A HEh= 71eS 7N
4513tk MBE stem} loop F2 2 0] F 0% Q= thdd 7}
9] oligonucleotide =, 5° Who] fluorescence dye7}, 3> Wk
o] quencher7} 243ttt MBS} AFR A © & A5+ target
mRNAZ} §1-2 749~ stem F-to] H 2] 2] g7 o] quencher
2} fluorescence dye”} 7}7bo]of| £A)3}7] W&ol &§F-S o
B A] =t 18y target mRNA7F E45k= 45 MB
loop -2} targeto] 4} 2 © & AZ}slo] stem FEo] Az
A =, o]t quencher®} fluorescence dye”} oI XA & o
Q&= YERA T mhebA] MB= target mRNA S| &) #-7-0f)
w2} on/off A1 &5 & 4= Q7] wjiZofl Ao} SQli= Al Yol A
target MRNAQ} A%H5HA] ¢F-2 MBE £2|T a7t glom,
A% Solido] Adsl =7 wzell Aot Sl Ml A 9]
mRNA HZ&of F-&3HA AH&-E & Slet (Fig. 1) [10-21]. w}
2h4] MBS loop B 22 Ql7F Sl 2gA|e] Aot 54
o B 9ol (C,, Cott R4 © 2 Askshe £ A 2Fto] 2}
Zto] MBE thalZ2ahd A4l A EZ0] 2uhako] target
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2. MATERIALS AND METHODS

2.1. Molecular beacon design and hybridization assay in
solution

Ao AMGE HAZ A B 2 T4 = Gl A=
2 o7 Astst= MB (ZF MB-CL, MB-CH) A &l.& 7z} 5
Cy3-GCGGTCCCTGCTCTGTGACACTCTCCGACCGC-
BHQ2-3', 5'-Cy5-CCGCAGCCATTGCTCTCCCACTCCACC
TGCGG-BHQ2-3' (Bio Basic Canada Inc.) o]t} @& 2 F &
& MB 72 % sem Urehv] ol R] 2EE 217} A 20}
%4 mRNASH e 4+ 9= 5 4419 loop ¥ 8otk 34
9} 2 mRNAL} MB2}o] At K9]+ IDT (Integrated DNA
Technologies, Inc.)ol| A |58} anti-sense A| 2+ L2 73S
g9t 2 MB| 2 Sol =2 15y] 93§94 F
ol 4 42t 54) mRNAS| T3t Zkzke] mimicS A|Z-ao]
A AE=E glst itk ZF mimic Q17F T AR 74 A<t
FTH £ F9 dREo® A9 2+ 5-GGAGAGTGT
CACAGAGCAGC-3', 5'-GTGGAGTGGGAGAGCAATGG-3'
(Cosmogenetech, Inc.) . 2 A| 2519 ch H|Eo| & A3 o] B
£ gQlslr] Yol AFE-E F2F$] mimic (random mimic)2] 4]
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92 5-TCAACATCAGTCTGATAAGCTA-3' (Cosmogenetech,
Inc.)o|t}. A% Adlo] AFLE mimic®] EE= 0, 10, 100,
500 nM %} .1, A-8-% MB 5 %=+= 100 nMo| t}. 73 ) of 54
mimicS Z+ZF E = £ A]of nuclease free PBS 298 ¢tof] W11
MB2} 37°Cof| A 3047t BHS-A171 -, 33 241 7] (Varioskan™
Flash Multimode Reader, Thermo Scientific, USA)E ©]-&3}
of A% A=E SAsIth A 2% MBY H9ol=
excitation?} emission I3 -7} 550 nm@} 570 nmoj| A, &
H 23 MB9| 7 9-ofl = 712} 650 nm&} 670 nm 2 -5 AL
23}tk Mimic?] =7} 0 nM Y wj 2] & 3378 background
2 3}o] S/B ratios Al AT

2.2. |3 ufjoF A transfection

Ao Ag-%El HeLa A3ZE= Dulbecco’s Modified Eagles
Medium (DMEM, Biowest, France)E Al-&35}o] vl k542
™, 10% (v/v) fetal bovine serum (FBS, Biowest)} 1% (v/v)
penicilling 2 7}5}0] 37°Col| A 5% CO,E H3t AFe| 2 uj)
Fstol Aol AL STt Al U] SIS EFA A4S 9
3] HeLa A|2ZE 6 well plateo] 6x10°7}|/wellZ seeding 5} 1L
A7t A} 5 Tl 22 A AL WENS jetprime® (Poly-
plus-transfection Inc., USA)E ©]-8-3}¢] transfection 3} % T}.

2.3. RNA &8 9 Real-time PCRE 9]43%F 34 mRNA
9 24

G LS EIA WEE transfectiondt A o] A e 7 4| <}
4 mRNAS] A F4 £42 9]3) Real-time PCRZ %135}
T A RNA A& F8]E 9o GdS23A] B4 A
7} transfection® HeLa A 2ZE 48A] 7+ =0 vjjoF3t & [SOL
reagent (SPRIME)E o] &-5}0] A 2tA-2] 4721 of w2} RNA
£ F= 4 EZ514th NanoDrop Lite Spectrophotometer
(Thermo Fisher Scientific, Wilmington, DE, USA)YE A[-8-3}¢]
RNAQ] oF 9l £~w 2 =A5} ) Total RNAE ReverTra
Ace® gPCR RT Master Mix with gDNA Remover (TOYOBO,
Japan)E AH8-51o] cDNAE & Alsto] 31/ g &, Real-time
PCR& A3)35}9 th. PCREFS-S 9]3)] SYBR® Realtime PCR
Master Mix (TOYOBO, Japan) 5 mL, forward primer 0.5 mL (Z]
% 500 nM), reverse primer 0.5 mL (£]Z 500 nM), template
0.5 mL, Nuclease free water 3.5 mLE Yo & Hul7} 10
mL7} =4 3}$t}. PCR ¥H- Z AL denaturationS 96°Co|
A 15%, annealing2 60°CoJ| A 20%, extension-S 72°Cof| A]
40z 59 = 40 cycle 42393} % t}. Housekeeping A&} 2
917k Actin mRNAE AF8-5}91 0 1] AF-8-%l forward primer+=
5'-ATGAAGTGTGACGTTGACATCCG-3', reverse primer+
5'-GCTTGCTGATCCACATCTGCTG-3' (Cosmogenetech, Inc.)
ojt}. A of )3t forward primer+= 5'-CTGCACCATCTGTC
TTCATCT-3', reverse primer+ 5'-AGGCGTAGACTTTGTGT
TTCT-3'0]¢l o™, =2 o] |3t forward primer+= 5'-CCGAG
AACCACAGGTGTAT-3', reverse primer+ 5'-ATTTACCCGG
AGACAGGGA-3'0] T},

24. 9% 5737 € {FAEZ 247§ T8 $A mRNA T
dde

S0 3 A E o)A MBS} 4] 74 2 %4 mRNASH)] 2
3 A=2 243517 98 §F =4 7] (fluorometer, Varios-
kan™ Flash Multimode Reader, Thermo Scientific, USA)2} &
AN|3E B4 7] (flow cytometer, Gallios™, Beckman coulter, USA)
£ o] &sklch Al azof A o 3FA 74 E F4 mRNA Ak
3ll, HeLa A 32 5 H S 2314 AJAF H ] £ transfection $F
T A8A7E FoF v Fak Tt Al 22 W MB 28FS 9|3 strep-
tolysin O (SLO, Sigma, USA)E A-435}%ith SLOE A3
Al717] Y3l 0.2 U/mL SLO9| 5 mM tris(2-carboxyethyl)
phosphine (Thermo, USA)E 7}l 37°Coll A 1At &<t
woFseit [22]. SLOS TABIAIZ] 5, Al 2 247 7,
i efii 2 & H7beE § A2 =8 4x10° cells2 H3=0] PBS
H 1 2 washing & MB mRNA & A 3-S 21353 th. MB
O] A2 W &4 913l 400 M| MBe} 2H/d 315 SLO, 18]
1! DMEM Hj Z] (w/o antibiotics, FBS)7} &¢}% MB 251 Hj
A& AZsS T MB 28t Wi X & Al 2o H7}sto] 37°Co]
A 1587E BhG-A17] 5, 321 washingS: F8f =HEE 2] 9F
& MBE AlASH 3 A28 v Fj 2| & H71s}e] 37°Cofl A
IA|ZE F¢F =7 v Fahqitt. o] ef o] FHH A &5 3%
SA71% FAEZ E4715 Sl AR A2 E S5

3. RESULTS AND DISCUSSION

3.1. Solution assayS % MB2| B¢ E o] X% (specificity)
sl

SUSEGA ] 44 % 54 mRNASH ARSES A2
MB (MB-C;, MB-Cy)] 23 So| =2 3elst/| Slat A
3t o) 215 A4 9 F4 mRNAS} 2 A
74 3 target DNA (mimic)@} 22H0] MBE 89 Z-of
o ¥ 3% A5E 24590 2442 54 mimic
=T 2, 10, 100, 500 nME H3}A 7] T Zhzbol| Hi3) 100
nM<Q] MB-C, &= MB-Cyet 2SA| A S A$, 5 mimic
o] %5 27k ul2lekol MB2| S/B gro] Z7k5Hc (Fig.
24, B). o]0} 744 @ 4] mimico] £ % 5A|o] £t
o], MB-C, 2} MB-C, & 540 £8at &, g0 %ol 4 212}
o] A3} So|= 249 Rk}, Fig 20014] Kz AT} 2ol,
7342t 4 mimico] -5Al o & 5ol = MB+= 7} target
of el = S/B #k 7HA oW, mimic®] 5 =7} o4
5 o3| S/B gro] 57k SRl 4= UG o] &} Hha,
7342t F4 mimic thAl MBL} 4 H AJ o] A3 ¢l random
target DNA (R DNA)&2}9] 23} A3 o 4]+= RDNAY] 5= 7}
500 nM7}2] 71 ol = E+8kaL S/B 4] Hskrt ¢lol
t}. o] 5 ol 44 <t 54 mRNAo| tigt MB= &2 2% &
o] /d& Zkar glom, 4ot F4) mRNAZF E9-&|of §l& 7
o o] A3 w2 A S 2L YeS A 5 QU

o
=
o
=2
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Fig. 2. Hybridization of MBs with their target mimics in solution (A) MB-C; was incubated with different concentration of C;, mRNA
mimic (B) MB-Cy was incubated with different concentration of Cy mRNA mimic (C) Both MB-C; and MB-Cy were incubated with

different concentration of C; and Cy mRNA mimics or random target.
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Fig. 3. Real-time PCR analysis of C. and Cy; mRNAs after the
transient transfection of mAb plasmid. Total RNAs were extracted
and isolated from the transfected cells and real-time PCR was
performed against mAb mRNAs. Threshold cycle (Cy) of b-actin,
C.. and Cy mRNAs were 23.1, 18.9, and 30.2, respectively.

3.2. Real-time PCR £4& % A= ) &3 g A<
%49 mRNA 3% &4
Ao = AlE Yol s gUdSEIA HHet T4
mRNAE Z+ZF MB-C, &} MB-C; MB2 A&3}17] 93t A ¥
= 78 5719 AL, o] 59 4 real-time PCRE 5745151
ot WA, G U S EFA BAHE W E S A2 transfectiongt
? 8/\1 ZA s HH Fokich ojo] AlZ=HEE M4 RNAE
% =23t & cDNAE P4 = skl 579 RNAY
12 o8 Ao FHE AET 4 Sl primers 01 5t
o] real-time PCRE 435t A3}, 2] mRNAS A% C;
(Threshold cycle)gto] 18.9, 54 mRNAS] 7% C; 4ko| 30.2
7F bkt (Fig. 3). o] & &3l Al 22 Wjoll A 7 2t -4 mRNA
7} WrE o] ¥9e-S B0l 4= 9191 0., 72 mRNASKO]
%4 mRNA & Ekoﬂ 8 =2 & gl

m{o e ~101

3.3. Ao}glE Ao A MB-C, 9} MB-
mRNA Z&

A 2 BAeL= A3 oFo A TS 0] A T mRNAS A&
3la1 o] & 7|20 2 S48 A 2R S Heldly] YA Al
7} Aol Qli= AE| oA B4 0] 7s3f|oF St} o] & 3
A ©] 44 oF Z4) mRNAZS W3 6} A| AYAF Al 7o
o] mRNASH AEe 4 Qi MBS 242t kst WA s

CuE o8- FA

L 9% 452 BASHoITH MBE Ao} 9l Al Z Y2 58
x a7

Hog utsly] 918 MBS Al SLOE i #]of| % 7ts}e]
AH&SHATE v A o]l Eof7h= SLOE FEAE o] £4)

ot FH|2HEl Bkl olE& HEE o ® TojY 30
nm o[ o] L& FHEo] = JTE qhrh ATt A
mRNAE YA = Qe 5 G A SEA| YA H B £ trans-
fection 3} 11 48A| 7} =0t wjoksl & | ZE BF2}E1 a1 o 7] o
SLOS} MB7} &9+ v A& A7kt 3= 37°Col| A 15271 vj
Foroch AZE A T =g vjA 2 v E F 37°Co
A IAIZE B 3F F=7F woFato] P R4V ol ¥ ah=
=25 £ transfection 3} 2] &L o
transfection??} Bl 7+ A3t
s H]iﬂﬁ}‘ﬁﬁ}. %%‘%—Eﬂ%‘iﬂ% Ay aket Az 9] 72
(W/ TF), A AFs}A] ¢h= tf 24 Al 22 (w/o TF)e]l H] 8l MB-C,
I} A2 W 74 mRNALES] A9} S/B H|&o] 168 =2 A
2 15Tt (Fig. 4A). 4] 54 mRNAS] 4 5-o] = n3h
7HA 2, Tt S 254 YA €] 7} transfection®] Al 3EE (w/
TF)o| A &4l mRNA & MB-C,0] 23} S/B H]&o] 1.74)
Z7HE 22 B3 4 99Tt (Fig 4B). o2 B3 Ao} 9]
= AlzZoA I A 5g GAS2FAH Y Bt S
mRNAES MBE ©]-835t0] A& 5 o= gelstalt.

34. FAZ 247]E o83t Aot ME A &l
ETYEEFA mRNA F &

uoh A Y AUE U7 99 FAE B4 B8
shol Aot Q= M Zo| 4 HAY FAFEIA B 2L F
4] mRNAS S ZH2to] digt MB2 % o5 QA o RE

ransfection

sholst it} (Fig. 4C, D). HA] 34 el e S ¢t
SFaL 27w ¥Rt &, kA 4 mRNAE HES = Sl
MBE A2 2 4kel & 245k A3}, A2 W 74 mRNA
O MB-C 7to] Adte] o3t 2 FF AT E Hol= A xE
o] wo| #& =t (Fig. 4C). FA| 54 mRNAS| 7 -0 &=

ul2b71 2] &2, 24 mRNA 23 MB-Cyoll 9l 3) &4 & 23 o)
2| Ok N Ztof| ]3] Z71E Ast §F A5} BEE Qo
(Fig. 4D).
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Fig. 4. Live cell mRNA imaging of human monoclonal antibody before (w/o TF) and after (w/ TF) transfection using fluorometer (A, B)
and flow cytometer (C, D). (A, B) MB-C, (A) or MB-Cy (B) were individually delivered into cells 2 days after mAb plasmid transfection

and fluorescent intensities were measured using fluorometer. (C, D) Same samples were analyzed with flow cytometer. Fluorescences from
each MB increased both in Cy (C) and Cy mRNA (D) detection.
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Fig. 5. Simultaneous detection of C; and Cy mRNAs using MB in live cells analyzed by flow cytometer. Cells were transfected with mAb
plasmid for 2 days, and both MB-C; and MB-C;; were delivered into cells for the detection of mRNAs in the same cells. (A, B)
Fluorescences both from Cy; (A) and Cy; (B) mRNAs increased in the transfected cells meaning that C; and C; mRNAs were successfully
detected in the same cells (C, D) Fluorescent signals from MB-C, and MB-Cy in the cells w/o and w/ mAb plasmid transfection. While
total population of cells in C2 region was only 50.4% in untransfected cells (C), it increased to 85.3% in transfected cells (D). This
indicates that cells with different amount of light and heavy chain mRNAs can be distinguished and further sorted using MBs.
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Hoh a&2 Q0 W WS fls HdE A
mRNAESZ Ao} Ql= Al 22 YR oA &
e AT (Fig 5). A 2d HE 2 A|2E trans-
fectionA] 7121 24 7F v oFst &, 3HA)| A 209} 54 mRNAS
1} Ask= MB-C, 2} MB- CHE Ao Al W= 24553
ok A2 24715 Sl 24 Al W 7 49t 54 mRNAS}
7éUL ]-7?71—,4 MBA oﬂJJ‘ Al 5= Tzt 7:14_ o] mRNA
Aol vp7RA = A4 (Fig. 5SA)°F 54 (Fig. SB)
mmAﬂﬁme o] B Wl AlELOA W F7
& #olal 2 9l9lt} (Fig 5C, D). & A3 E3) Alo} 9=
*ﬂi°ﬂ/‘1 A= Y A4 S4 mRNAES 7
mRNA<| tfsf So]2 o2 A|2te MBof| o) 712t HEd
= —’T— UL E3E o] = 2} Al zof| A I g
73* 9} JH mRNA & 7|EF 0 2 3lo] Yst= A
oA A 5 e o m| gt
E%E“G"i]‘%% Sk Ao Q= Al
4 4 F49 £ 99 mRNAE MBE H &3}
LR CE S BEE R
% 9l MBE A 2ksto] goih Aol
=5 gelslgch Al E U MB2]
Lo o83 42 1831
= I HEo 55 %
skt & 7]3«]
mRNA 9| i} H]&9
Eh,]- ZXlo|u|g] 24
235 mRNA9] Ao} ]
‘}740];} o] 7|9 4%,
o o 3H%*El%mRNA$‘:'—E— A&st=
QE] AR S BE A A=
40] 011:]_
'l | YAk Az A 57g ol AHE-E
dol Zasith A5 =4, & A+
°1V\1L FAE %/\lﬁgi HE k= A LES ARESFILA]
9k, M| 323 A 22 9135 DHFR (Dihydrofolate reductase)©] 2
@}% A3 A AE O] AL methotrexate MTX)E AFE5}o] 3
A e S-R ZE A N E A 3L S0 MBE 24-8-5}9]
A e} =4 mRNAQ] k2 A g of sith. o] A, UAIF
ol o] Hsh Al ol A == e %fﬂ mRNA
ol Adsl 7] fwoll M w2 FF AT HEE A
O & o ifEth B3 mRNAE 4bof gl Al Yol 4
eF 25 HA =T, A2k 54 mRNAC] T3k MBE A
Z]—b’l— [[H mRNA APOﬂk] _,,]X% % _I,]oﬂ EH‘G]— E]-/\H ()4:rLE
T3l mMRNA A& &7 4S9 = tH[23].
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