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Elimination of a disulfide bond in the light chain of coagulation factor
VIII improves secretion of a BDD-FVIII variant with an engineered
inter-chain disulfide
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(Life Science College, Ludong University, Yantai 264025, China)

Abstract: The coagulation VIII factor (FVIII) contains eight pairs of disulfide bonds, which are involved in
maintaining its structure and function. It has been demonstrated that the disulfide bond between Cys'™/Cys"* of
the A3 domain in the light chain impedes secretion. In our previous work, an engineered inter-chain disulfide in the
B domain-deleted FVIII (BDD-FVIII) promoted heterodimer assembly and secretion of separately expressed heavy
and light chains. In this study, we constructed two BDD-FVIII variants, one of which contains an engineered inter-
chain disulfide bond (F8C) between Met*? > Cys and Asp'®**® > Cys mutations and another contains an endogenous
A3 domain with a disrupted disulfide bond from F8C (F8CG) by replacement of Cys'®” and Cys"™” with Gly in
F8C. We explored their function and secretion. By transducing F8C and F8CG into HEK293 and COS-7 cells, the
formation of disulfide bonds and the secretion and coagulation activity of the two variants in the culture media and
their binding aftinity for von Willebrand factor (vWF) could be observed. The results show that variants F8C and
F8CG are mainly the disulfide bonded heavy and light chain dimer, while the wild type BDD-FVIII (F8) is domi-
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nated by the easily dissociated heavy and light chain dimer. The secretion and activity of F8C was significantly
higher than that of F8, while the secretion and activity of F8CG was significantly higher than that of F8C. The
vWF binding of the two variants is similar to F8. This indicates that the BDD-FVIII variant FSCG may be attrac-

tive molecule for protein replacement and as a transgene in gene-therapy strategies. These findings are encouraging

for future studies targeting disulfide bond elimination for further enhancement of FVIII secretion.
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(7% [5 Qiagen A #); QuikChange XL-site directed muta-
genesis kit (Stratagene 24 @); DMEM. Opti-MEM %% 7%
A Lipofectamine 2000 %% 4477 & (Invitrogen 2 7l);

5 2F I3 (Hyclone /A #]); #E41 A FVIII £ (4 (BioChain
Awl); FVII # 4 2 v f# 5144 H-140 (Santa Cruz 22 7)),
FVIII 4% % . 53 % 471 /& ESH8 (American Diagnostica
/A w); HRP Arid A A FVIIL £ 72 [ H 4K (Novus 2
); FVIIL Gk 25 9 N IS A0 IE B N L% (George King
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Dako A #); FVILiE R ) COATEST SP FVIIT i 7
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W) (B A2 X 5] N Met®2—Cys 24Z (1] 51 ¥ N 5'-CCT
TCAAACACAAATGCGTCTATGAAGACACACTC-3'
Al 5-GAGTGTGTCTTCATAGACTGCTTTGTGTTTG
AAGG-3"; 55 A3 X 5| N\ Asp"—Cys R 5] )4
5'-CCCACTAAATGCGAGTTTGACTGCAAAGCC-3'
A1 5-GGCTTTGCAGTCAAACTCGCATTTAGTGGG-
3", i QuikChange XL-site directed mutagenesis kit i
£ E Cys® Fll Cys'®® 28 48 ] BDD-FVIII H 1% 3 1& i
KL pCMV-F8C; i3 — 2 LA i ki pCMV-F8C A ik, H
XS 51 (B A3 X 5] N Cys"™*—Gly RAZ K] 5|9
N 5'-GGAAAGAAACGGCAGGGCTCCCTGC-3'fl 5'-
GCAGGGAGCCCTGCCGTTTCTTTCC-3"; A3 [X 5] A
Cys""—Gly 42 1) 51 ¥ 5 5'-GCAGGGCTCCCGGC
AATATCCAGATGG-3' fll 5'-CCATCTGGATATTGCC
GGGAGCCCTGC-3") ¥ pCMV-F8C ' FVIII #% & A3
[X ] Cys'®® Hl Cys!*» R4 Ny Gly, 15 2| 5% K 18 B kL
pCMV-F8CG.
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Western blot 77 A 824 R E M EBRFTIA
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H | h, F A HRP-Hi/ ER L7 37 °CHEFEIF E 1 h, ECL
plus AR X6 Ao

ELISA EEN AW EEF EEWFVINER
B SHAEET OB E LA B3 FVIITK
D 5E B RLIE O ELISA K LS, B FVIIL 42 %% S
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(PBS-0.1% BSA %) 100 uL, =i H 1 h, Y& 3%, N
A CaCl, (400 mmol-L") 100 pL, % 6% & 30 min bL %
& 5 3% v vWE 454 10 FVIIL. SR 5 K 40 s 9% i
FFE 5 FH PBS-0.1% BSA #% 1:20 #B¢, £:4L1I0 100 pL, =
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FRic I 2P0/ B =P, 37 °CHIRLE 1 h JE PR 10 1%,
0SB JEE 4 OPD ¥ 37 °Cils & 30 min #4757 & €5,
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UV
FE .

e
ZE25 (A BDD-FVIII 9453E

FT 39 A I 4 FVIIL K 3520 B X (del Tle7' ~
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Figure 1
(BDD-FVIII) (F8), F8C, F8CG, and their active forms hydrolyzed
by thrombin (Ila). The BDD-FVIII (F8) is generated from FVIII
by deleting most of its B-domain from Ile’*'-Asn'**, The F8C is

Schematic representation of B domain-deleted FVIII

resulting from F8 by Cys mutagenesis of Met®® in A2 and Asp'*?® in
A3 domain. The F8CG is derived from F8C with Cys'®” and Cys"*
replaced by Gly in its A3 domain, respectively. WT: Wild-type

2 FEHERRIETRNNE ZREEENT R
FVII 58 45 5 M s i il 5 R 2w (E2), ik
R F) (DTT) fE4E 5 7, B 4= 2 BDD-FVII 7] IL4H g
PN L7 A /b B B 4K BDD-FVIILE [ 46417, B 1
B A0 7E 1) H 8% (heavy chain, HC) 1% 5% (light chain,
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Figure 2 Western blot analysis for expressing products of trans-
genic HEK293 cells. Plasmids of F8, F8C, and FSCG were trans-
fected into HEK293 cells, respectively. The total cellular proteins
were collected at 48 h post-transfection and were separated by
SDS-PAGE followed by Western blot. The blot was probed with a
monoclonal antibody against human FVIII light chain. The left
half is non-reduced samples and the right half is samples reduced
with dithiothreitol (DTT). HC: Heavy chain; LC: Light chain

LC) =% fk (HC-LC) PA K K E ¥ 1 LC £ ik, 18]
HC-LC M5 T % . & A Met®>Cys/Asp'$2>
Cys 272 [f) BDD-FVIII 42 #) {& F8C, PA & 1 1 Met®®>>
Cys/Asp'®*>Cys % 45 fll Cys'*>Gly/Cys"*®>Gly 7 4%
1) F8CG, fEIEIL I 264~ (A DTT) = 2P = B4k
WA, REDER ZRMABIHLC, I DTT & )5 %
N Z R R, BRIV EIE 2 MEE LC, £
B F8C A1 FSCG ¥ Fl BDD-FVIII AZ 1) 44 75 41 Jifd 3 in T
J&, BT AEE (A] —BRdg L 45 A& 10 R AR, IR R S5
) Cys®®2 Hl Cys'$28 bk Bk 2 ) — Tt § T2 s 110 s 285 1
3 BHERMEREEAN S RKERR

B85, #E4T 7 £ HC-LC 8] Rt ss B AR R FE R
PR A3 DX A Y Tt e 2R SRR S I 58 FVIIL 73 W4
TEHER RS T . 45 B B oR, HEK293 1 COS-7 i il
BSR40 M 3 b, B Sk SR AR M 4 FVIIL (F8CG)
[ 43 W 5 43 9 N (331 + 41) Al (348 + 47) ng-mL"', 1]
R T B B A AR M AR FVINT (F8C) 1 4 b =, B
(183 +£29) F1 (199 + 26) ng-mL"', ¥} 4= 7 BDD-FVIII
(F8) [ HEK293 F1 COS-7 P it 25 DR 24w 11 73 Wb £ 53
BN (96 £ 31) F1 (104 = 32) ng-mL". 4 Fift 25 44 {5 )
PRI TR AR R, KRR T N A
S g ] 3 2E AR B FVIIL I 20 (81 3).
4 FHEREMMERIEST I EDESERR

e 5L [N 4 Jf 8% % b Ik O 2R 0 T 4 R B R
(1A 4), £ HEK293 F11 COS-7 W4 fih % 5 X 41 g B3
F8CG iF 143 5 (2.29 +0.19) A1 (2.47 +0.35) U'mL"!,
F8C & M43 5 (1.19 £ 0.21) A1 (1.22 £ 0.25) U-mL",
7 4= 7 BDD-FVIII (F8) i 4 43 7 9 (0.69 + 0.16) #
(0.75 £ 0.15) U-mL"'. F8CG jif 4 B & i T F8C i 14,
PR A R AR TG PSS B B v T B AR BRI . A BN
I3 WA 7K Y- S 48 SRRT G, & T B T A VI
a3 W, T diR % 9% AR A E I o 4 W B v AR K K FRCG
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S 400 f mCOS-7 . 1
=)
=
~ 300
g
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T #
£ 200 f
g
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25}
0  —
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Figure 3 FVIII antigen levels secreted into the culture superna-
tants of transgenic HEK293 and COS-7 cells. Plasmids of BDD-
FVIII (F8), F8C, F8CG, and mock control were transfected into
HEK293 and COS-7 cells by Lipofectamine 2000 in triplicate. The
amount of FVIII antigen secreted into the culture supernatant at
48 h after transfection was measured by ELISA. n = 6, x = 5. "P<
0.05 vs F8C group; “P<0.05 vs F8 group

OHEK293
|COS-7

FVIII activity / U-mL™"

Mock F8 F8C F8CG

Figure 4 FVIII biological activity of supernatant from transgenic
HEK293 and COS-7 cells. Plasmids expressing for BDD-FVIII
(F8), F8C, F8CG and Mock control were transfected into HEK293
and COS-7 cells by Lipofectamine 2000 in triplicate. The FVIII
activity secreted into the culture supernatant at 48 h after transfec-
tion was measured by chromogenic method. n = 6, X + 5. "P<0.05

vs F8C group; “P<0.05 vs F8 group

V5 o T HL, F8CG # k I i 7K At S35 BT T ol 1) ¥i%
A7 W 5 5 = R A b I A2 [X 5 % B () SN R, 9
18 A2 X5, i — D4 FRCG i 1 .
5 RTIKRFVINEvVWFEE TR

vWF 5 FVII 7 Fd i 3L &5 & A Bk e e #
MIMEF, WA 45 & vWE I FVIITEE A 1~2h, 5
vWF 45 & 1 FVI - 32 #1IA 12 h, B vWF 3 T3 &
FVIN AR HE+ 5 EE, BRERMER 7 LS
FVII-vWF 25 F1 /A il 45 58 5o, DLEF 2B BDD-FVIIT
(F8) ¥ FL K R IA =W vWF 45 & 71 100%, F8CG 1)
VWF 454 719 96%~98%, F8C ] vWF 454 719 93%~
97%, T B 14 %of HE 40 i 8% 7% B3l (Mock) & i 21 5
vWF & & FVIL, iR g5 R, FVIIL 7 7R 5N
TR R S vWE 45 A (B 5).

i
FVIILE N YR S R 42 b R I B EAEH . FVII
i [R] 38 A P BT o 51 F R 2B AL A 95 3 AR A At S R B
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Figure 5 vWF binding capacity of transgene expressed products.
The culture supernatants of transgenic HEK293 and COS-7 cells
were collected, and the vWF affinity of the expressed F8, F8C,
F8CG, and mock was analyzed by ELISA using the wild type F8
as reference (100% vWF binding capacity)

HEAWERIT, TERESZ, BT %M, g%
Koo AENBFERI, J2E KT v v] BB A TG % I —
ASHIE R, H FVIIL R IA A4 WAMK R LA S FVIL 5 [R5
K HE LA AAV 30 7K 3R 5 3R R T Ak, 53 Ak,
FVIITE MK i fa e A T H 5 vWEF & & NE A
T 7 b A DR A A 2N PR URD &5 A TS Ak /N AR
PR A B T, A 5 VW 45 A 1 FVII 2 T 8145 A
12 W45 fE % 1~2 hi®), $2 = FVIT R IE R 45 W 1) 0t 50
5 22 Bk B 45 A48 B A AR FIAE B & F 3 R i TR
TN N-FESEAAS A A% . B3 o R e vWF LR
(RIE 7R B, vWF (38 0 ml 2 38 FVIIL 23030, F 58
F W, FVIILAZAE 8 X 43 1 A i B0, — i 4 38 ot
WO TE YRR R 15 1 2 ) 45 g [ R e i A ol 4
W AT AR . Bl b 8 AN T R I R G
SRS R, For 7 T R 2k 28 AR T R VI
() 23 W 1 BA, IR 2 BRI L AR M i M . i i i
Cys"P>Gly 45 Bk A3 X 1 1 %5 B g, WA 520
PR LAy AR i 2 A, LRI REALI N, Cys!*® [y 9848
AT 152 5 FVIIL 43 i it 25 255 =40 HAE
TR T A 1) 23 AU o AR AP R Ik A L AR B 1) 5N R
T Cys FEAL FFAE XL 1: 77 40 i 4% FVIILZE R % 9,
R ] o g B IR T O i o R A 0,
A SCAE BDD-FVII [ E R85 0] 5] O\ 0 8 09 [R] B, )
T HE A3 X N R B MR F8CG. AN i B[R]
g R IR, Hr /KI5 3 B35 0G% . AR FVIIT
TEZ0 A P I0 TR R BE AR B, DLR IR - RARRIE R
W, BER B N &R B T ARE, 5 TR . ARk
F8C M1 F8CG H f] Cyso Fl Cys'$28 [11] — fii £ 22 Ik o] 45
Bk R AR . 5 RSN S A IR T 2R
HE AR AL FRC R F8CG [ 43k, 3X B I 242 2 Wb A
FH A RE T 2 1 o B 4 S A L e R AN R R L R 5 S
o TR 8 A L AV S A 1 1 FH 2R AT,
B2 A3 X IR ME R B R R i — 2P g T R B AR

PR F8CG MR 43 WA EH « F8CG i M M3 iy — J5 T
V5B FC o WA B RSN, 5 — U T EH T A I K AR
G TE R T I8 = AR =4 (AI/A2/A3-C1-C2) H A2
X A BE A3 X ] ) B B, A8 A2 DX R B e, AT
3G Ak 7= 2 W K ORI MR L, A2 5 T H K
Jit 94 J& FVIIL 3% A6 7= 40 A B DSl 2% 3% 1) 32 22
JE[M]O

FVII H 5 MR8 —RiE W55 vWF 4540
R4 FVIL 5+ 85 (KRN, FVILE vWF 45 4 (1356
BRI F P AN X 3, B34 A3 [X %03 3 1 R 1k [X f €2
[X 2 FE i 1] 2303 ~2332 fir 7k s . W 7R B, I A
R — AN X 4k 5 vWF 145 & 7135 2 E KT 5w 1)
FVII 544, BIPIAS XS 78 25 (A R E 5% FVIIL 45 &
HA P REAER, HF F8CG RN 5 N T —His iR
IIFI R 2R XE R A, A St — A 7 F8CG 5 vWF
fRISE R 17, 45 5 Bon HeSE A ) 5 B A4 71 B8 M, 5
F8CG H 1) 4 5 — it B 5 2% - A s i) e 5 vWF 1) 45
o IR F8CG 1 7 b VERIE MR B4 m BB A
5 vWF IS5 G 71, A0 0N 5 8Lk — 20 sl W ik 9 i 1
J 8l S B e T
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