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Development of a Quantitative ELISA for Anti HER-2 Antibodies
using Human HER-2 Recombinant Proteins

Sun Ki Jung®**' Chang Seon Ryu®', Kyu Jin Choung*, Gyu Yong Song* and Sang Kyum Kim**
*College of Pharmacy and Research Center for Transgenic Cloned Pigs, Chungnam National University, Daejeon 305-763, Korea
**Hanwha Chemical R&D Centey, 305-804, Korea

Abstract — HER-2 (Human Epidermal Growth Factor Receptor-2) is a protein giving higher aggressiveness in human
breast cancers. Trastuzumab is a monoclonal antibody that targets HER-2 and is known to extend survival across all stages
of HER2-positive breast cancer. In this study, we attempted to development of a quantitative ELISA (Enzyme-Linked Immu-
noSorbent Assay) for evaluating anti HER-2 antibodies using human HER-2 recombinant proteins to support antibody pro-
ducing processes and pharmacokinetic studies. We established direct or indirect ELISA method for the trastuzumab-like
protein combined human recombinant HER-2. The ELISA method will prove to be great value in quantitating anti-HER-
2 antibodies levels for developing anticancer antibodies.

Keywords [] ELISA, Trastuzumabh, HER-2, breast cancer

Human epidermal growth factor receptor-2(HER-2)&= -+ #= 711E® Enzyme-Linked ImmunoSorbent Assay(ELISA)
o} 31x}2] 20~25% 04 LHEE FHAR, Ao F W A + 1% FA el peroxidase, alkaline phosphatase 52 E4E
ol 53K human breast cancer)s +Z3hbar A Ak > AIAA FA-FA S IRlels Wl o w, Wo] 7F
HER-2 7840l Agksl= ExfpAFF T trastuzumab, Herceptin®) skl o B4o] yhssle] | 7Y de] ARE A Sl A
< HER-27} 3@ g HolAd ek oA Satol Al AHE- A A shue]th 0 B ol HER-2 &¢lol 2
= 91743} 3 HER-2 ©YZ# 84 (humanized anti-HER-2 gl g Fata) 768 gk whEof] tist g S
monoclonal antibody)ZA FHFtskAke] x| 5ol AREE 1 St} =37 Al a4 W vke-S o]83k ELISA WS /s
53], e o] A 5E Wole Holi AE Fjol|A o= Ak o] WS A dhlEls AR idslr] 21k #gel
Folue= o w 52, AA57} e bl sEuea A A AAIETS] T 9 el g, ok E gt A <]
(paclitaxe)?} B4 Fojshs W o2 SH LY Exparr izl ek, AT 9 AlES] W9 ARt release test) &
gre] F2 ZE 7)1 kel HER-29] A@38le] HER-29] oA 21491 7| o= AgE Zlolh,
23S oAleta HER-29] 3H A Al deS Ao 2n
Ol O] ZFAL olA|Fit), w3l ghA|e] EXJoE oA Q= QE{%"E‘

antibody dependent cell cytotoxicity(ADCC) &3}, & HIAME

E fi=dlo] HER-27F sl Ao APES friesto] F9a EFEH U |
EE - 2Fe ) slrhslo) ARAZ AHHL ol 5
#1R e tof w3k Ho= ARjelAR A =247, 1 vial [292.3 mg] & 9% BT 150.0
giggfﬁgé?éoméiﬁ 042-823-6566 mg) A eFE-S  slide-A-lyzer dialysis cassettes, 10K
"These authors equally contributed to this work. MWCO(Thermo Fisher Scientific, cat. 66807, Waltham, MA)
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£ %3l 1x PBS(phosphate buffered saline, pH 7.4, Sigma,
cat. P3813, St. Louis, MO) 92 X]3lslo] ARE-5}5Lt

8| — <17t A|=3 HER-2= GST(glutathione S-transferase)
7} A3kE Abcam AHcat. ah40048, Cambridge, UK)$} histidine/
human FcZ} 2%% R&D Systems AHcat. 1129-ER, Minneapolis,
MN)e] Al AHgetiom HE dAZe e 9 ) &
A 2] human kappa light chain®| Z3%3}1 HRP(horseradish
peroxidase)”} 57 Z%H¥ goat anti-human kappa light chains
peroxidase antibody(Sigma, cat. A7164, St. Louis, MO)E ©]
A 2 AHEsISITh 17 A3 HER-2¢] A3k 96well
plate H[Eol] I8 3= anti-His mouse ©FIEE 34| (Roche,
cat. 11 922 416 001, Basel, Switzerland)E A3} ¢} Anti-
human Fc @A 2+= goat anti-human IgG(Fc) &A(Thermo
Scientific, cat. 31125, Rochester, NY)7} AF&5¥th RE
ELISA 232 96 well Maxisorp high protein binding capacity
ELISA plate(Thermo Scientific/Nunc, cat. 439454, Rochester,
NY)E AHE-sISlth

S| M=

FAYIAE Axsh=t] ARgshs ¢E9 1x PBS buffers:
ofshate] ALgSIGIE EE B 7, FAZ SR A
3h= k=2 plocking buffers AFE-3l 1x PBS 179 1%
BSA(albumin bovine serum, Fraction V, Sigma, cat. A9647,
St. Louis, MO)$} 0.001% Tween 20(Sigma, cat. P9416, St.
Louis, MO)= 7}3taL o ¥sto] Az T}, Washing Buffer=
1x PBSell 0.05% Tween 20 7ksto] AlZ3ict.

Anti-HER-2E 0|88t M2k 4y

Anti-His 312 1 pugmi®] 552 1x PBS buffer® 3]}
o] 96 well Maxisorp plate°l] 100 WS 2o ¥ 3to] 0.1 ug/
welle] T cfo] Zol71A itk PlateE 4°CollA] 14~16A]
7F A% wiek Tk viek 5 well?] 298 W] 3l washing
buffer® 300 w2 5 ¥ 96 well plate washer(TECAN, 96PW-
TECAN CE, Grodig, Austria)s AREslod A28t Blocking
buffers 100 w/ 2L 37°CollA] AR wlFekadet. Welle] 84
S W21l washing buffer? 300 W2 F W 96 well plate
washers AFH8-5ko] A|l=38ISIch Ax3 217 HER-2/Fo/HisS
0.1 pg/mle] 5% 2 blocking bufferel] 323} 100 Ear
37°CollA] 1A1ZF v ekstslth, Welle] 899-& W 2] 3L washing
buffer® 300 p/ 2 ©}1 H 96 well plate washers AF8-5107 Al
Aotk ESATTY 259S 0.02 pg/mitH S0 w
Y2il2 84510] § EIES A5k 7 welle] 100 WA QL
37°Celld AIRE &<t vliesisict. Welle] 8918 HE]1l washing
buffer? 300 w2 Tl ¥ 96 well plate washerS ARE-51o1 Al
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X slgith. HRP7F 289 7H% @A E blocking bufferol] 1:
12,500 &2 3]A418to] 7} wellell 100 p¥ ¥t 37°C oA 1
A7F =<k vfekaldTt. Welle] 2998 M2 washing buffer®
300 w2 oHA ¥ 96 well plate washerS ARE-3o] A Z31t)
7} welle]l TMB(3,3, 5,5-tetramethylbenzidine, Sigma, cat. T-
0440, St. Louis, MO) 100 w25 il 29| & Hlg 2pdsh 5
oA 10 AE BAAFATE TFH] B A EE EIs
% 7k wellell 0.5 mol/l &1t &-HA N3}, S1410, 4&)
100 W ¢ 37 microplate reader(Molecular Devices, SpectraMax
190, Sunnyvale, CA)E &3l 450 nm(Ref. 650 nm) Il &

=g s,

dajo| EA|

AFAN = BF Fd+ 0 BAIh AEES &
o] ARgEF H4) 7 728 Molecular Device AF2] SoftMax Pro
5.2 software2] ELISA-endpoint, HRP/TMB protocol& AH-3}
At} FTFLS L7 79 linear regression WHS A8-510]
A3 8l ARkl

E

>
i)

A% 9 o

EgtaF ol tist ELISA F=23S 753171 fl3l, thae]
T 7H] s 19Eiith AR EE AR oE AldEE E
g d¢lel HER-22 ELISA 96 well plate®] Hl=tol]
TRt o] el EfARTs AAIN & EgkAFT
Aol deketal a4t SFdEoR A4 Ho Sl FAIRI 0]
2t FAlE olgsto] AEshe AR AR WHo|th(Fig. 1a). =4
2= SlollA AR A L3k EgpafTe] 919l HER-

(a) (b)

(&)
(1)
2

| I

Fig. 1 - Schematic representation of (a) direct and (b) indirect
ELISA method for trastuzumab using HER-2. (a) direct
method: microplates were coated with a recombinant HER-
2/His/Fc proteins. Trastuzumab (1) interacts with HER-2
captured in microwells. Goat anti-human kappa light chains
conjugated with horseradish peroxidase (HRP) antibody (2)
was used for detection of trastuzumab. (b) indirect method:
as for indirect ELISA method, mouse anti-His monoclonal
antibody (3) was used for coating proteins.
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20| 6X-Histidineo|t} GST/} -FAE o= A4 = + &
9] A8A1%<1 HER-2/GST 1} HER-2/His/Fc © GST-} Hisell
Zglsl= o]% A2 ELISA plate vleol] I8 A)X1 & HER-
2/GSTH HER-2/His/Fcg AFA71aL of7]e] Espafits 3
7¥sto] AFAZL F olxF FAE A&KH o7 HESAA HESH=
AR] WhHoTHFig. 1b).

EHAEFTE e AL Fel EAshs 8 ok
9] human HER-20] Agslo] A o] Aladd 7138 2b
wsho 2 AL F2E oAl S et mebr, HER-
2 EA Ty} EvpaR et @A) A3k FS ELISA W
e ke oR AFEAS] dAAdEs 548 4 ot} HER-
29} 7] Agtes AJ7Fslr] 918l WA ELISA platec] 7382
&Rl HER-2E FHetal Hds vkz AT R 5 Ags 4
N FAE AE T sk A WS 1RsISickFig. 1a).
EgtAaTEF00] 8291 human HER-2:= AbcamAl2] HER-2/
GST 2% w23} R&D Systems*ke] HER-2/His/hFc 23 ¢
wzS 717F AREEIAT). AbcamAte] HER-2/GSTS 0.1 pg/well
2 T8kl HE Rhe ERIs] S8l BRI 1,000 pg/
mieEE 1108 34810 8 EQIER AE]dt T EgfAsE
T &Ae] Fe =ulQly} Adtshs a4Zd3sh A2 goat anti-
human Fc-HRP(Thermo Science, cat. 31413, Rochester, NY)
£ 1:5,0009] v]&= 3]Asto] wiek & TMBR ERIsIlth E
UAFEFT 1 pg/mie] 5Tt Eojok ehadl witelx o] FF

Table I - Direct ELISA method for trastuzumab using HER-2/His/Fc

AR 017 71E E 5 Sl who] vskem, o) EfpanT
ol 1 pgml % ol dellx &) 7hsste] aske] Evp
T By o] S ARSI T AR o
#4] R&D Systems AF2] HER-2/His/FcS T8 whlds AR
slal ESRAFTNS 1 pug/miFE 1/10 SX8k] Fdst o
2 A2JsIoith o] A¢- EZAFFT 0.001 pg/ml o) dell ¢k
Fd w0 T4 kel 0,018} 2 0.04 oW 783 0.1 pg/
m/ol A= 1.0 ©1482] OD 3k 2.0 0.001 pg/miellA 0.1 pg/ml
Atolella] nl#EA oz REg-eE 710w g3l th(Table Ta). 214
2 1:5,0009) 3AEEolA 0.01 pg/mel 0.0006 pg/miZbA 1/
2 3|43k 5 IQIECA R2=0.99 oiFe] A4S F-819itH(Table
Ib). oVde] Avk= Abcam A} HER-25 AM-ES w] Epis
el AEHE7E 1 pg/ml o7 1 Aef vl R&D Systems
Akl HER-2/His/Fcs ARE-gt W] 0.01 pg/mlz HEDT7) =0}
23] ARE HES 5= Q9lth. HEH R WS 0.05 ug/
m/AE 12 343 A3} 0.025~0.0016 pg/ml Alolol A & Ri=
0.99 ode] 24138 AUk Table Ic, Fig. 2a).

7P # 91 ELISA W © 2 HER-20] 34 Agtslo] gl 3
Efo] =5 WiZlE st} AlRE Frshs WS 58] sl
HER-2 &gl 2= 3= GSTeF HISel tidt A5 A
T3 tHFig. 1b). R&D Systems AF2] HISE ARE-317] $)&l
Anti-His A2 1.0 pgm/= 83531 HER-2/HisS 0.001,
0.01, 0.1 pg/m/7 ¥-$-A)17] 31 ESFATEFETS 1,000 pg/mi-El

ol

(a) Concentration range of trastuzumab is 8 points from 1 pg/m/ by 10-fold dilution

Trastuzumab (pg/m/) 1 0.1 0.01 0.001 0.0001 0.00001 0.000001 0.0
1:5,000
Average OD 2.324 1.882 0.554 0.068 0.015 0.009 0.010 0.011
+SD +0.118 +0.095 +0.066 +0.004 +0.002 +0.001 +0.002 +0.001
1:10,000
Average OD 1.554 1.164 0.308 0.044 0.010 0.006 0.004 0.010
+SD +0.052 +0.013 +0.004 +0.001 +0.001 +0.001 +0.005 +0.004
(b) Concentration range of trastuzumab is from 0.01 pg/m/ by 2-fold dilution
Trastuzumab (ug/m/) 0.01 0.005 0.0025 0.0012 0.0006 0.0003 0.0001 0.0
1:5,000
Average OD 0.554 0.275 0.147 0.089 0.047 0.028 0.019 0.012
+SD +0.066 +0.012 +0.0 +0.004 +0.001 +0.002 +0.0 +0.001
(c) Concentration range of trastuzumab is from 0.05 ug/m/ by 2-fold dilution
Trastuzumab (ug/m/) 0.05 0.025 0.013 0.006 0.003 0.0016 0.0008 0.0
1:5,000
Average OD 1.193 0.739 0.440 0.239 0.130 0.066 0.056 0.007
+SD +0.121 +0.063 +0.028 +0.033 +0.011 +0.003 +0.019 +0.001

Coating concentration of HER-2/His/Fc is fixed by 1.0 ng/ml. Each dilution concentration of detection antibody is 1:5,000 and

1:10,000.

Three independent experiments of triplicate samples were done and results are shown as mean=+S.D.
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Fig. 2 — (a) The calibration curve of trastuzumab standard in direct
ELISA method using HER-2 from R&D Systems (b) The
calibration curve of trastuzumab standard in indirect ELISA
method using HER-2 from R&D Systems (X axis:
concentration of trastuzumab, y axis: optical density at
wavelength 450 nm).

1/10 3Xste] 10709 5% WHelolx] EspArTy Ao AL
& dgtehi= AETANQ! goat anti-human kappa light chain-
HRP(1:5,000 #i&)% F7Fsl3iet. o] 73§ EAFF4 Fedl
ZA3%sl+= HRP-goat anti-human Fc(Thermo Scientific, cat.
31114, Rochester, NY)+= & o2 AL8-3F HER-2 vy} &
FAgoz AAx0] 9= human Fort A6 wjiol] A}8-a+

T A3
| 7)== HER- 2°] 7h 0,001 pgmie] 50l H RE =
PAEFUe] er WoloA] B3] 2lo]7) gIgloen, o]=

HER-2/His EP%JO] v% AR 10008 S FE017] i
ol anti-His &Ao] AE#] k2 A 07 HItK(Table II). 3=
ﬂxﬂg 1:5,0000.% 3] AR A] background #t¢] 0.4 & =

& #ol vt o] AEFAC] F5F 1:10,0000.F 3]4]5}aL
HER-29] 55% 0.01 pg/miz}t 0.1 pg/mie AME310om Egkxs
F2 1 pug/mllAiE 17108 348t 8 v WHeE 37t
3RS Wl 0.001 ug/ml Vgl backgrounde} FEEE 4T
S ¥tk HER-2Z 0.1 pg/mi= A2jaiiS v Egpafryt
FTE 1~0.001 pgml HLeIM FHETT SV FA15 23
O} HER-2 0.01 pg/mie- EsAT549 31 5521 1 pg/miell
ME FFE7F Sl S EOEAR] S7HE HolA] ttH(Table
IIMa). ©]% A¥ol|A HER-29 ¥EZ 0.1 pgm/E 1338 E
YAEFEE 0.1 pg/mielA 128 341610 8 EQIEA 219

3 A3} 0.0125 pg/miF-El 0.0016 pg/ml 77relA R AlFgke]
0.9846%1 A4S AITH(Table IMIb). ©]2]3+ HER-2 wi7i<] 7+
2 ELISA P& ESATFEY 0.02 pg/miF-El 0.00031 pg/

m7H4 12 314 w5 A9 HETA 1:12,500 314 wE5E
ARESE 2710014 0.01 mg/ml ©J3lellA] A3 A 0= 0.9 ©]
2ol R? 3k& ?g; I %o ETpAESE 0.00031 pg/miell
2] 0.005 pg/mie] A L1E AASFITH Table IV, Fig. 2b).
Anti-GST &A1= A3+ AbcamA}2] HER-2/GSTel| th3t 7+
74 ELISA 9] 79 HER-25 AelebA] &2 vz} 2

Table II - Indirect ELISA method for trastuzumab using HER-2/His/Fc at a broad concentration range of trastuzumab

Trastuzumab (pg/ml) 1000 100 10 1 0.1 0.01 0.001 0
HER-2 (0.001 pg/ml)
Average OD 0.535 0.492 0.496 0.500 0.489 0.486 0.481 0.408
+SD +0.014 +0.008 +0.011 +0.006 +0.001 +0.013 +0.028 +0.001
HER-2 (0.01 pg/mi)
Average OD 1.298 1.266 1.214 1.277 1.207 1.186 1.091 0.390
+SD +0.004 +0.021 +0.006 +0.001 +0.071 +0.008 +0.050 +0.021
HER-2 (0.1 pg/ml)
Average OD 3.580 3.558 3.600 3.656 3.647 3.280 2.296 0.357
+SD +0.027 +0.025 +0.019 +0.038 +0.062 +0.141 +0.304 +0.006

Coating concentration of Anti-His antibody is fixed by 1.0 ug/ml. Dilution concentration of detection antibody is 1 : 5,000.
In the concentration 0.001 pg/m/ HER-2, optical density data of Anti-His coating antibody 2.0 pg/m! is similar to that of 1.0 ug/ml. Two
independent experiments of triplicate samples were done and results are shown as mean+S.D.
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Table III - Indirect ELISA method for trastuzumab using HER-2 below 1 ug/m/ concentration of trastuzumab

(a) Comparison between 0.01 pg/m/ and 0.1 ug/m/ of HER-2

Trastuzumab (ug/ml) 1 0.1 0.01 0.001 0.0001 0.00001 0.000001 0
HER-2 (0.01 pug/ml)
Average OD 0.529 0.500 0.369 0.111 0.059 0.054 0.055 0.057
+SD +0.005 +0.035 +0.018 +0.011 +0.002 +0.003 +0.001 +0.001
HER-2 (0.1 ug/ml)
Average OD 1.609 1.594 0.725 0.137 0.057 0.051 0.050 0.053
+SD +0.028 +0.016 +0.016 +0.002 +0.0 +0.0 +0.0 +0.0
(b) Linearity range of trastuzumab with 0.1 pg/m/ HER-2
Trastuzumab (ug/ml) 0.1 0.05 0.025 0.013 0.006 0.003 0.0016 0
HER-2 (0.1 pg/ml)
Average OD 1.594 1.543 1.227 0.870 0.563 0.349 0.211 0.057
+SD +0.016 +0.024 +0.014 +0.010 +0.030 +0.011 +0.003 +0.001

Coating concentration of Anti-His antibody is fixed by 1.0 pg/ml. Dilution concentration of detection antibody is 1 : 10,000.
Two independent experiments of triplicate samples were done and results are shown as mean+S.D.

Table IV — The linearity range of trastuzumab in indirect ELISA method using HER-2 from R&D systems

Trastuzumab (ug/ml) 0.02 0.01 0.005 0.0025 0.00125 0.000625 0.00031 0.0
HER-2 (0.1 pg/m/)
Average OD 2.490 1.888 1.146 0.640 0.337 0.184 0.082 0.010
+=SD +0.047 +0.004 +0.036 +0.011 +0.008 +0.001 +0.007 +0.004

Two independent experiments of triplicate samples were done and results are shown as mean+S.D.

L 0D #& Holn EftATEFY AE55E7) 10 pgml o)
o] aFEoluE gaARl HPIH O ARl of#- Fle
FrekslitH(data not shown).

 AqtellM Bt ik dAE ARsk] flE
Hog ARgo] 7hAska tiEke] A5 wE /\]Zloﬂ By
U= o R g4 WY HEE-S o]8shk= ELISA S &4
sl o, o] S EepAEERE (.01 pg/mielA 0.0003 ug/ml
o] A % ANE AEo] 7FsElth 0.5 pg/ml 013 Es
oM F& 7Fs3h flow cytometric assay’} 2 AR Aol A}
£ A4S F A= Aol W1, ELISAE ¢ B2 A[7to] HQ3fa
GAS FIFE QAT 1 pg/ml o8k AEE &
=% o o AEE sAlel B ¢ vk

A AR A 07wk 3o anti-HER-
SE9FE R ELISA WHo] A #]l 7P o
31}, 11) EgpAEF1e] AZARI Genentech(San Francisco,
CA, USA)S] 7 F&oll ELISA el that 71o] wij$- #lst
ZJo]u] ELISA el A8t coating W21 HER-2 =84
©] extracellular domain(p185ERYrevy o Aoy z) o 7 J1Q18l 4=
QAoE 21D weh Egpaf Tl GA1SE bio-similars 71EE]
el Aol &84 ELISA W<l gslo] dasht,
T3k o] ELISA W9 S92 mn vitro 37FERE oY} in vivo
ks AFE st 712 ot} # ATelA] st A

Hﬂ

%7 ELISA WS HER-2/Fc/His A%g W¥AS- coating ¥+
Wzl e A3l coating THNEE HER-2 58429] extracellular
domain(p185"ER¥meu S 21851 Genentech AF] ELISA W}
AR 1 Aol &3i¥l HER-2E wi7lgh 1Hi4]Q1 ELISA
S AHE ARSS EspaT Bl fAF AA|e] S E st
Aol ARgE QLo HE ] dellA FF e 1= dAE
J%Fe 4= 312U thH(data not shown).

B Ao A= R&D Systems AL Az Q17+ HER-27} Wi
7§=)i= ELISASl:= HER-25 78 whilda@ ARgsh= 2529l
WP HER-29] 37 A3 <l Hisell st 3
%] il e Abgeks AR WS skl 7

2154

'%’;1% HER-2 é?%ﬂ EHGP W 21E HAaskst A9 St
o2 Wolth ® AFA #]3 ELISA WS Eepars
W52 AELeRE digh AN Bgell A st AR
AEF0] Aol AL 4= 9lom] HER-29] A%-S wiletz
AR el AR F9T 5 Qe ol ok =g g

5 9 Ao HEEAL 2 4 U3 1 B A

FFE 54 o SMvk ELISA An2 wh=aL 1 ?3‘}‘31 A&
o] Fot AlxAgeIM e Fdde] 50 FEoR A8 5 3
O

=
2
i

Qe 35 B ELISA Aol st Uj QAL A
Aol dasirt
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FHY AEAN FPAEE HER2 F90) A8 5 9l
Bt 22 A el sl 0.01 pg/ml ofste] 4
FolMz g = ELISA & S5lsiith. HER-25 519
Wiz ALgsh 43%el WTh HER29) FHATE o

AL vl ool thek WS TPk Al W F 7}
A wpEe netskglon) 217t BEale] Wl 0025~
0.0016 pg/ml, 0.005~0.00031 pg/mielAl R? 0.99 o)de] 2
2 wolth. ® A7olA] A)dE ELISA WS LT A
A, QAR 1 s Az FAne YEow
Ago] 75k, o] HPHe & Yl AS golAR ksl
8k Alekful 3ol alkA] Tzl o] oJ71E =48k 4= 9l=
aH”) 70w A1e= Zolk,
ZAtel i

H = zs]—:LJJraﬂ—xHD]- A g
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