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Isolation and Characterization of Single-Chain Fv
Against Ductal Cells

Myung-Hoon Lee, Hye-Myung Ryu, Sun-Zoo Klm, Ji-Young Park,
Ji-Hyun Uhm and Tae-In Park’

Department of Pathology, Kyungpook National University Hospital, Daegu 700-721, Korea

For discrimination of ductal and ascinar cells, we isolated a single-chain variable domain fragment (scFv) antibody
against ductal cells of salivary gland using phage display technique. From the spleen of a mouse immunized with ductal

cell lysate, total RNA was prepared and used as a template for cDNA synthesis of antibody genes. The scFv genes were
constructed with variable domain genes of heavy and light chain and were introduced into pPCANTABSE to construct

phage scFv library. The phage particles specific for acinar cells were screened by subtraction using immunotubes coated
with acinar and ductal cell lysate and enzyme-linked immunoabsorbance assay (ELISA). The characteristics of the scFv
were determined by immunohistochemistry (IHC) and the result indicated that the isolated scFv has the specificity against
ductal cells of salivary glands and tubules of kidney. And the scFv has an unique binding activity specific for Hashimoto's
thyroiditis. The nucleotide sequence of isolated scFv gene was determined and revealed that Vy belongs to the mouse
H-chain family subgroup IB and V. to the mouse L-chain family subgroup III.
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2001; Gao et al, 2003). A3 EAPEEZ 7PES o) &
3, w9 et FATS £35S} phage libraryE UHE T
7t et ol tigt Beolde Ad A dHE wdde

phage™ Th3h Whio =R HA¥E 7t e, librayE T
A3kl Q= AZF) phage?t vt theFekA] 7} phage display
o] AHE AR M Ta% akolth 8N BS &
TAEL libraryd] TS 717171 18 =83 3,
10" BE9] DNAS EF3HE libraryE P55 ok J
2o library 2| E‘rwé ZAEA ol BolHQl A &
HE 1%0}” g 293 Aoz SAHY gtk o
A B WHEC] A= e, v FdE o83
subtractiond}= ¥'H (Naoki et al., 2002), -L}\“/]-iﬂ ¥ =AS
o] 83k A8 4 (Jesper et al, 1997), TF &
o] 88h= WY (Willem et al,, 1997) 5] HEA °1 o Eoch
E3] % Aol SolzoR A3 AZXT phageE
3 o2 A Aol Adshe A% phageE AlASHE subt-
action ‘THS &3 B F83 FAE Y5HeE HE
& AT} (Hoogenboom et al., 1999; Naoki et al., 2002).
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Brele F%9 719HAEE ¢
cell¥} acinar cell A4
oA, FTYoZ Y
¥ Aol 2 A AEE FuEEes FEs|S
¥ oJHT (Kabat et al, 1991). 3HA% FFoF HAAFo|
dojuiriste A AxY SAS
ductal cell®} acinar cellS THE F° & FAV) ohA TF
o gE Alxe] g AZE EF F Qo] 4
©o] JFedtal U I Et o o & &=
T US 22 phage displayS ©]-8-8F A A (scFv)
< A3ttt

2 dyolME vA HAag o8] Ee3t ductal cell &
3B 3} acinar cell € HOE schv7} B LdH A2
phageE subtraction$ . =M ductal cell| T Eo]doz AF
8} scFv phageE A1E3) WA s45i o™, ELISA, B %
Aglet A, A7IME B 52 AEE scFve] 548
Bt
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1. 48 M=

o

Phage library®] 758 /3] AmershamollA] F-ofgh kit& A}
23199tk ScFv 3RS cloningsl7] $13 vectors pCANT:
ABSEZ} AREEIROH, 52 tidt TG1T HB2151°] A}
AT 7 9 APl AR A2k Sigma R Takara 51
Al Fullakgict.

2. 7o HH3} A scFv libraryel &

1) Fo HA3)

4719 F Balb/coll ductal cell 3 (50 pg/ml)2 Freund's
complete adjuvant®} 410 F3AZ thE 93} FASIT: 45
7} A#519E W, ductal cell 30 (50 pg/ml)S Freund's
incomplete adjuvant®} 410] FARSIGATE thA] 10 0] #3151
S |, ELISAZ A7} A4 2 ER1gH v library 7%
o|-8-3}5irh

2) ScFv libraryQ| #H]|

ScFv library+= Pharmacia®l]A] Recombinant phage antibody kit
< Fofste] FE3ItE WHEE Balb/cEHE 81gE A
Z3ld mRNAS FE31P o0, MMV FAALE A2} random
hexamerE ©]-&3F cDNAS] /ol AHE-31EL DNA T2
F 7H9 mbeol] UPro] Hsgsiglor shue SAKES) 71N
A A FFol|, ® ThE sk BAKEY] RIS A
FEol| ARE3ISITE 242 S5 Vot VL (DNAE 5% E
H-§2 4o PCRE FYF 224 F cDNA7} linkerol] ]3]

AAE ] Vilinker-V, 9] 725 ©|F&EE 3J9th PCR A
S gelolX &3] S} Nole X3 oFL, 22 ATE
A2 AE phagemid pCNATABSEC] AH)&t%iTh. Ligation
AEZE TGS FAAE 5192H, 2% glucose$}t 100 mg/ml
ampicilling ¥ SOBAG plateo| 4] A8 &3 Th Plate S
of 5 mle] 2XYT WX & Hatd Ahd clones Eob thi
Ago] o] &3t

3. Ductal cellof] £0[& Q! scFv phage?| M8

1) MZ& phagell &

SOBAG plate®] At AEES & £l MI3KO7
helper phageE T HALCEN AZE phage’t B o=R
23 g e A=S sisith hds] A, bac-
teriaZ ampicillin® glucose® ¥ 33} 2 X YTHiR]l| 719
ODgy©] 059 ©]Z%-& w MI3KO7 helper phageE 20:1
MOI (multiplicity of infection)Z T3] AT} <F 30% &<t B
¥t bacteriaE AT E HHAZ F ampicillin? kan-
amycine ¥33H= 2 X YTHlR|oll @gs19]or 30TellA %
A EigFEth AR R BElorE AAR 3l 4%
PEG®} 0.5 M NaCl2 #713) phagmid® 73500, 944
Ealste] o7 pelletell 1 mle] PBSE W3l 5%% phagmid
F5ENE EA

2) Ductal cellofl S0|Xl =& phage2| ME

Ductal cell®] €314 (100 pg/ml)E immunotubecl 3 7}s}
o 4CeA A ¥3-sllnh. el dE AAT vk 3% BSA
E E3sk= PBSE A7leto] 302 & A=A el
o, 10" phage”’} ¥ =5 3% BSA At o2 843} phage
FENS AU1E T ImmunotubeE 1417} F9F M3 EE
o] o] Aggo] AAH o E Yo EE 3k vhE 5,
0.1% Tween-20°] £3¥ PBSE 4 53] o)) A2z
& A& Aot g 233 phage 0.1 M glycine
(PH 3.00& T8t &&313on, 5 SA] 1 M Tris-HCI (pH
8.005 7t Ao RN A Ao &4E HAs)
staz} 3F3AT). &-5-% phage-8 & acinar cell €3 H o2 =
2 immunotubed] B7}5ka ESWA 1A7F S whSgho.
24 acinar cell €34 &] EolH phageE AAFC) o]H
Al B-& phageFH 0 2 TGl MEE ZEIHULH o] off Hof
Z colony2FE] phagmidE &35t}

3) ELISA

Ductal cell &3 (50 pg/mlyE 2 wellell 100 pg® H7Fst
o 4Tl #A T coating3lSiT 45 de WA o A
TS Yo} Ao 3027 T2, phage particles
7t LA ATS FEIAT A2olA 1A]3be] A

+, PBSTE AlA#AAE AR, Anti-M13 IgGE A 7}38+o
A2 A 1417 BRItk AR AAEE AR =, HRP7F 2
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Z% mouse IgGoll Ulg 23+ FAE gsialon, 7
713to 24 whalnkeo Aassith, HAg Aj7te] AR th
< 2N H,S0,& 718k Whg-& FYAIZ B 405 nmoll A
FYEE SYs

713& A

4. MHE scFv phage® &4 24

1) G7IME 24

AhRAH o2 F R phageZFH plasmidE FE3to] &E
71ge] 49 o] 833 th. Amersham®] H714E £4&
primer pCANTABS-S13} pCANTABS-S62 AHg-3hsiow
TH7IMEREE O AVIAES BT

2) HY xZ3lE JME S &4 &4

AEE AZF phage?) scFv7} acinar celldll 50132
AU YA F1s] A3 ddxzA5g o
ok zEddd nAste] sepdel e ¢
um FAZ BHES poly-Llysine 2 = A3 SEto]
Haste] 60C ovenoll WA & F et AAt
AL AR 3% LSl 1587 o2 Ul
stahol B398 dAENeH, SRFE AXENY =
citrate 4= (pH 6.0)ol ¥ A AR AR AA A
45 B dAsAE HAEIGIth 23S 2Dl
o Fol o)A AL wjAG o HAYFTER AT
Az EJ hageS o H7ls] FATA S FEHA
o A2olA 1A[ke] 4 thE, PBSTE A|X @ 5| anti-
M13 antibodyZ A7}tttk A20A 147 B4t wh33 o}
<, AEFAAHE AAZ YA biotinylated polyvalent$t HRP-
conjugated streptaviding T3] A-of4 3087 ¥HAIZT
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Absorbance

AH4-E& AZ o EA4AIR! DMB (3, 3-diaminobenzidine)
A7) Ao A LA OB hematoxylin® 2 tHEE4Y
L 7 &eol= B

1]
K

1. ScFv phage librarye| T#+%&

Library2] %o AH&3 pCANTABSE vector= Amersham
Pharmacia®l X 78] AME-ET) He) ASE HAo] B
WS, ¥ e 2 E] RNAE FE3H] A 79
3t (DNAE A 3l7] 93 templateE AFESFSATE <F 340
bp2) FAKET 325 bpo] AAE2] PRl wigt fHAl o
AL PCRE AYoH, F F12 @& PCRE F3f sht
9] scFv F3A} (Viplinker- V) B HEQ0H H7|9F5o 2 oF
750 bp] AES FAE 5 AUAUT ScFv F3AE pCANT:
ABSE vectordll 4918t312™, TGl A2 E FEAETO=ZN
libraryS %3}tk ScFv antibody fragement library 2] =171
83X 10°2.2 E4 =tk

2. Ductal cellof £0|AQl scFv phage?| 4

Ductal cello]l 50]21 34 BH-E AHsk] 3, Fei
02 FAMIE 7FA acinar cello] 23A4S A A|Z3 phage
Z A|ASHE subtraction HPHE o]-€319ch WA ductal cell
Lol oz FRE immunoubed] 5o A% e A
%% phage® A'H3 H acinar cell €3 HOE FHE imm-

unotubedl] HF2-A171 0 2 M acinar cellol] 2ES A Az

[ Ductal cell lysate

M Acinar cell lysate

001 002 003 004 005 006 007 008 009 010 O11 012 013 014 015 016 017 018 019 020
Colony No.

Fig. 1. Specificity of anti-ductal cell scFv. The cononies that has a high affinity against ductal cell lysate and a low affinity against acinar
cell lysate were selected and the specificities of selected scFv phage colonies were confirmed by immunohistochemistry staining.
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3} phageE AASITE oleldt AAE 3~43]) V31 ductal
cello| T A3z A3 phage?] W& S7HAIZT

3. MEEl anti—(ductal cell) scFvel §4 &4

A AEFAHE AXH dolxl o8 cloneL2FH AxFH
phage particles o] JHistH 02 FALGE ductal cell E3E
%} acinar cell E31E0l O3t A% 5o|Ad& ELISAZ. 77t &
Q151ITE (Fig. 1). Ductal cell §3El] Azt Soldo] &A
ENHXA S acinar cellol] t)3 Solide] vlwd A et
clone$ AEalon HAxA5s gaos T Bolds &

Qe B A7 AT ML clone 15¥°) ductal cellel] o3t
2] 71 & A= UEEom clone 39, 131, 18
5ol vlwd & AL B Tk Acinar cellol] tig 2
322 ELISAR 418 A3, 9] clone £ 1393 150 9]
ductal cellol gt Ao nls) Aoz e AFES
YEFN AT Ductal celld] t3h 2 ZAFHE RolAME
acinar celloll tisiAlE @2 AFE-E e clone 13¥1S
AEste] HezA3Eagdag Ao =N T Bolids &
a3t

Clone 1308 WA S QA8 AAE A, o, H,

J

Table 1. The reactivity of scFv against variable tissues was determined by immunohistochemistry staining

Tissues Diagnosis

Immunoreactivity (intensity) Staining type

Normal epithelium
Hyperplastic polyp
Tubular adenoma
Adenocarcinoma

Colon

Normal epithelium
Peritumor area
Lung Bronchioloalveolar carcinoma
Adenocarcinoma
* Normal epithelium -
Hashimoto's thyroiditis
Follicular adenoma
Thyroid Papi}lary aden?carcinoma
Follicular carcinoma
Poorly differentiated carcinoma
Undifferentiated carcinoma

Medullary carcinoma

Normal epithelium
Prostate Benign prostate hyperplasia
Adenocarcinoma
Normal
Carcinoma -

Normal
Fibroadenoma

Breast Ductal carcinoma in situ
Invasive ductal carcinoma
Invasive lobular carcinoma

~ Acinar cell o
Ductal cell (large)

Ductal cell (small)

Pleomorphic adenoma

Salivary gland

Adenoid cystic carcinoma

Basal cell adenoma
Glomerulus

Tubule, proximal

Tubule, distal

Interstitum

Kidney

+ Cytoplasm, granular

Cytoplasm, granular
++ Cytoplasm, granular

+ Cytoplasm, granular
++ Cytoplasm, granular
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AP, 74 e AN FAE TS TET S H
Hojl e A S Bolx ggton, SMEE IHAFSTNA
A= TAAE, AN Wu] AE JEn g A
A A Fojel AFE 36T (Table 1. FNE AEE
AR, AZZde FAo] HAAT Alxedes @e) 5
7 gekon P o 2 AMEALS & 5 U Fg 2.

Clone 13¥19] scFvE TAFHE Vgt Vs E71ME3 o}
oAb M DS Fig 39 HEAT. ScFvis ¢F 750 bpE
(Gly,Ser);] linker$}t hexahistindine 2 E¥34 250712 ofv)
wAo g FAR gy}, ofm Ak numbering Kabat
(Kabat et al., 1991)2] o) wgko s v,9} v, 9] CDR (com-
plementary determining region) %9 27432 ImMunoGeneTics

(IMGT) database (http:/www.ebi.ac.ukimgdoll W3tch. opv =it
Aol FAS 7189 HEZF2EY daabaset H| 1L, £2
2 43} V& subfamily Q52, DE DSP28, Ji= JH4o 3
7rzt geletgl o, vy gene family subgroup IBY &3-S
golapsin, ek 7P fARE G714 DS Ad VHOx2 (Gen-
Bank accession code M21165)9H= 93% 4 =9 FAM S tiet
Wigleh Arle 7paRglel ofu)nat HEE EA% A, vy
& Vid), I= kol £35-8 BAAEAT 2L, Tgk agd
472} (GenBank accession code AJ231222)¢F G714 E-& W
AN W 95% FAME BERRSILE ScRvE T8k vt
viel 9149 2 oluiedt MES Fig 3o BABIRCH, F
AR 99} CDR 5= FABIT.

o o 1%

Fig. 2. Immunohistochemical staining of salivary gland (A,
with scFv of clone 13.

X200; B, X100), kidney (C, >200), and Hashimoto's thyroiditis (D, ><200)

B FRI- 1T
g 5 0 15 20 %
Xx L % S A S P GE KV T # TS S A
W ... ... ... .CACTC ATG TCT GCA TCT CCA BGG GAG AAG GTC ACC ATG ACC TGO AGT GCC
v CORT-(NGT v - MG
o 30 35 2 45 50
s 8§ 8§ ¥ § v Y ¥ Y Q0 Q K P RS S P
v AGC TCA AGT GTA AGT TAC . .« +.v .o . .. ... ATG TAG TGG TAC CAG CAG AAG CCA AGA TCC TCC CCC
. CORZ~ 1 MGT .
55 60 56 70 75
K P W 1l Y L T 8 N L AS G VP A B
Ve AAA COG TGG ATT TAT CTC ACA TEC «vv vvv oo oo ooe oee ... ARG CTG GCT TCT GGA 67C COT ... 60T CGC
FR3-INGT -
80 8 0 % 100
F s 6 5 6 S 6 T s Y s LT 1 8§ S HE AETDARA
" TTC AGT GGG AGT GGG ... ... TGT 666 ACC TGT TAC TCT CTC ACA ATC AGC AGC ATG GAG GCT GAA BGAT GCT 6CC

N COR3-THGT N
" 105 110 15 120
TY Y £ OO & WS S NP LTF G AGTKCE (K
W AGT TAT TAC TGC CA CAG TGG AQT AGT AAG CGA CTC ACG TTC GGT GCT GGG ACA AAG TTG GAA ATA AMA

Fig. 3. The nucleotide and amino acid sequences of the scFv fragment of clone 13 specific for ductal cells. (A) The variable domain of
heavy hain (Vy). (B) The variable domain of light chain (V1). Amino acid numbeting and complementarity determining regions of the Vi

and V; domains were determined according to Kabat ef al.
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Ajare] g thgFe g wa == 3o lineageol W &
dHe 54 Fol Bolidol de e T4 Jdolvt
AgA R Bgol 7hedta vort T G H¥E &
A& WA= d o} #8317} (Kabat et al., 1991; Einfeld et
al., 1998). Ductal cell¥} acinar cell FA 7ol Fejst
Al o] A 7hsEtAIRl TULE Aad A 1 A
A AEE g o FESIH wfe oyt AT F
FoE FAMTo] dojurete A Ax A4S A
3 A7) Wl ductal cell¥} acinar cellS THE 4 U= &
7 JTE FEoE e AEe ddd AxE 7EY +
St} o]2 $13) A scFvE ol WS} phage di-
splay 71&S o] 85190, B AFE B8 A¥E scFvE B
Azt GAS T3l rdd 230 g veAS J7
3 Bk

A9 A4 ductal celloll = 73 ¥HA1-S B AT, pleo-
morphic adenoma, adenoid cystic carcinoma, basal cell adenoma
Solle A8 WS vehiAl @tk 1 99 23, i,
#, "84, 7 i 59 AN AR Fs 23kt F
213 BBAME SRS HolA] skt sRX|Eh A1 A
WA 2o} S RE IMHAETANA BRHE TAAE
= A% BhE-E BT o9t 2 AAEE uFo] E o,

St 32 ductal cello] Y Wi Hol 2d
HA FFo2 YA FHo| | g AoF A7
CEH GuE Az AT Avnw, A e 3
FAe] FHoj Q1S & & Uttt ol scFvt A#
o] AEA eol] EAske £1] Gl A} £Hlo
B 4718 Zlojgta 4% 5 Jow, AA dr
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Kot @A7AA] Bolgh AU
A7t g AAolt). £ d7E T8l AEE schv A 99
o] A REIFAGANE 2 AE Bolt A 1A
440748 B3Ed o
HE LHWE] A7t AdA 7HAE AVEA 1) 9
A Tkt Fele] 4FT B2 o Sl oig 24Pt 2

2% ZoE yzdo.

2 ATAAE ductal cell £3] 8 acinar cell £-3] 4L ©]
-3 subtraction HPH .2 ductal cello] E0]2¢] AgH S 2t
T scFvE AEdlTA 3t 1 Ax), SR E IMIHNEE
oA TEEE SAAE, Ao IYRAE, 21 Alid)
AE Fo Sol&el AFS 3h= scFvE EE8on, 947
2 olnat MEE B3 A AL Vy gene family su-
bgroup IBo|™ ZALES subgroup M) A& Blslgich £
ATE 3 "Rl scFv FHALE gHgolollA A3 in
vitro refolding S -3l HBELE scFv Tl AE GR3F (Lee et
al, 2002) 224, A ¥ WG F& B 2o} A
g 54 ot 48 QS o= A"
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2 @7 20004 BRoigmgY ojsidTas] a7
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