|

) <

The University of Osaka
Institutional Knowledge Archive

Difficult-to-express shark IgNAR antibody
Title produced in CHO cells: production bottleneck
identification and a trial for productivity
enhancement

Author(s) | &, /h\&

Citation |KFRKZ, 2025 1HIHwX

Version Type|VoR

URL https://doi.org/10.18910/101622

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



Form 3
Abstract of Thesis

Name ( LYU XIAOFANG )

Difficult-to-express shark IgNAR antibody produced in CHO cells: production bottleneck
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Abstract of Thesis

Chapter 1 Introduction: Antibodies are a complex, large protective proteins produced by immune system to fight
against invading antigens. Antibodies are widely applied in various field, especially IgG antibody, due to their
specificity and affinity to antigens. However, conventional antibodies face challenges which limiting their
applications. First, they easily denature under non-physical conditions. Besides, the large antigen binding sites of
conventional antibodies reduce their ability to access to recessed or cryptic epitopes. Furthermore, the poor tissue
penetration limits the applications of conventional antibodies in treatment of brain diseases. Recently, the novel
shark-derived antibody isotype, known as immunoglobulin new antigen receptor (IgNAR), has potentials to overcome
these limitations due to its high stability and small antigen binding site. Chinese hamster ovary (CHO) cells are the
most widely used expression system for antibody production. Recently, the recombinant monoclonal IgNAR, fused
with a human IgG Fc region at the C-terminus (termed IgNAR-Fc), was successfully produced in CHO cells (named
CHO IgNAR cell). However, the low productivity limits further studies and applications of IgNAR. Therefore, in this
study, the production bottleneck of IgNAR-Fc was investigated, and a potential solution to improve its productivity
was discussed.

Chapter 2 Identification of the production bottleneck of IgNAR-Fc: A high-producing IgG producing CHO HcD6 cell
line was used as comparison in investigation of IgNAR-Fc production bottleneck. The specific production rate of IgG
was 24-times that of IgNAR-Fc. However, the low productivity of IgNAR-Fc was not due to its transcription level, as
its mRNA level was comparable to that of IgG heavy chain, which is the lower-expressed chain between the two chains
of IgG. The chase assay revealed the slower secretion and translation rate of IgNAR-Fc compared to IgG. However, a
comparable amount of intracellular dimeric IgNAR-Fc to dimeric IgG suggested IgNAR-Fc could fold and assemble
properly within cells and the accumulation of IgNAR-Fc could be one of the reasons for its slower translation rate.
Subsequently, Immunofluorescence imaging indicated that most of intracellular IgNAR-Fc localized within the
endoplasmic reticulum (ER). Further co-immunoprecipitation and co-localization analyses showed IgNAR-Fc was not
retained by calnexin and ER mannosidase I, but strongly co-localized with ERGIC-53, a COPII vesicles cargo receptor.
In conclusion, large amount of dimeric intracellular IgNAR-Fc¢ remained in the ER and recruited by ERGIC-53,
indicating the COPII-mediated ER-to-Golgi transport might be the bottleneck in IgNAR-Fc¢ production in CHO cells.
Chapter 3 Evaluating a potential solution for productivity improvement: Secl2 catalyzes the initiation of COPII
vesicle formation. Therefore, overexpression of SeciZ2 is a potential approach to enhance the COPII-mediated
ER-to-Golgi transport for improving IgNAR-Fc productivity. However, in the NCBI gene database, the Secl2 gene
hasn’t been clearly annotated for Chinese hamster. Instead, the prolactin regulatory element binding (Preb) gene is
considered to function as Secl2 in Chinese hamster. In this chapter, stably Preb knockdown reduced IgG specific
production rate. Multiple sequence alignment indicated that Preb of CHO cells shared high sequence similarity with
Preb/Sec12 of mouse, rat and human. These findings suggested Preb in CHO cells likely function as SeciZ.
Subsequently, Preb was overexpressed in CHO IgNAR cells, resulting in significantly higher productivity compared to
mock cells. However, both mock and overexpression cell pools exhibited lower productivity than the original CHO
IgNAR cells.

Chapter 4 Conclusions and future perspectives: COPII-mediated ER-to-Golgi transport was identified as the
production bottleneck for IgNAR-Fc in CHO cells. Preb was proved to likely function as Seci2 in CHO cells.
Overexpression of Prebin CHO IgNAR cells resulted in higher IgNAR-Fc¢ productivities compared to mock cell pools.
However, both Preb overexpression cell pools and mock cell pools had lower productivity than original CHO IgNAR
cells which might be due to incidental factors. Further optimizations may be needed to reach higher productivity than
the original CHO IgNAR cells.
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BEIZBWTIE, YA IgNAR HUADA At L FREIC W TR BN TN S, FiifiE, ERICE > TEAESND
f@%’étﬁ& VRTETH Y, FRT 16 HURITPURIC T 2 R RN & BURIEN & < Bix e THOW O TV D, LavL,
TERDFURIT. B REM T TIIEDITEME L, FURR AR RE WD, FRa e =727 7 B 2T 55
TR, L, 7 a7 ) UFHRSZ AR (IgNAR) & LCTAIBLLD A HROFHPUEDR, ZOmWEEM L /N
ERPUTFEAIBAIZ LY . SN B OREEFRT D AREMERH W F B ST\ 5, RIA—TF TlE, PUREEICK B IA
SHOWHNR TV LRIARTHLF ¥ A =— AL A7 =P (CHO) Mildz AT, ¢ Riickt b g6 Fo fEBA @S
L7 IgNAR (IgNAR-Fc) ZEPERZHEZE L=, FOAEEMEIFIK, TgNAR O I 672 250G HIZIZRA R H -7, &
T CABFZETIE, 1gNAR-Fc AEFEDR ML v ZIZOWTHRFT L, EEMEZ R LS 5720 OREIC OV THRFTL T
W2,

% 2 EIZBWTIE, IgNAR-Fc DAER LRy 7 DRIEEIT> T 5, 1gNAR-Fc DAFER R v 7 DRREHT
1. 1gG Z@AEFET % CHO HeD6 ARAaMR & MLk R & LCHWT WD, AR D 1g6 o AL FEREE 1T TgNAR-Fe 0 24
5T DN, TgNAR-Fe O mRNA L~UL i TeG EE{E RIRE TH Y . 2T, 1g6 D 2 DOEHOHF THRIHEDERVETH
5B, IgNAR-Fe OAFEMEDRINIZ DG LU L D DO TEHRZNZ EPRINTND, SHIZF=A AT
v EAIZE Y TgNAR-Fe DO WE JOFIRREEE L 1g6 IR TENZ EHHLII LTS, LM LAans, Hlan
W8RG & RIFEEE O Z8efK IgNAR-Fe WNTEET 5 Z &2 5| IgNAR-Fe ITMIaN ClEUIC 7 + — T 4 V7B L U7
TUTNTEDLZ LRI, [gNAR-Fe OERITFTHERN BN LR —20HB EEZ LN TWD, B
A= N0 MBI IgNAR-Fe DIF & A EDV/MAENIZBEL TWD Z LR S, & BICHEag bk & LRmE
fEHT D5 TgNAR-Fe 133 v oMk~ v 7 2 —8 T ITIERFFENT, COPIT /Manh —a L& 7% —Th
% ERGIC-53 LIRS EL/IEMT D LRRENTWD, fme LT, ZEOMIMEIN &K 1gNAR-Fc X ER IZE £V,
ERGIC-53 (2 &> TV 7 /b— h &3 D EHEE S, COPIT &4 L7z ER 2> 5 T/ AR~ O A CHO FIZ 51 5 TgNAR-
Fe FEADR MRy 712> TWAH AR EZ R L TN D,

W3 IRV T, AENM LT DR 2 ME LTV 5, Secl2 13 COPLI /NATERL D BRI A kil 2 B HE T
HY . Secl2 OWBRIFEBUL, COPIT At L7/ MAK S T/ IR ~DlEE A RHE L, 1gNAR-Fe DAEpEM: %1/ L &% 5 7
MRS D, Lol NCBL BT —F_X—RA T, ¥ A =—ANLAX—D Secl2 BEinIXAMICT /7
—yaryERTELT, b7 T 7 FUflifinL A2 MEA (Preb) BB THF ¥ A =— A NLHAHX —OD Secl2
ELTHREL TV D EEZDBITWD, £ T Preb ZLEMNT ) v I/ XU T2 LT, 16 FERIPEARZILT S
HCWD, £, TTA4 AL MEFFZE YD . CHOMIBEOD Preb i~ 7 A, 7> b, & F® Preb/Secl2 & &\ ECFIEEILL
MEAF L TEY, CHO HIFZ Preb (X Secl2 & L THERE L T B ATREMEA R E TV B, Preb % CHO IgNAR HlfiE CiE il




FYLIFT- & Z A, Mock M i U CTAPEMENE L < M B L7223, Mock i@t Preb @RIFEBMIL T — b, 2D
CHO IgNAR #Hfi@ & 0 A PEMERNRWFER & 72 o TN B,

AR T MmEABROBRENBROITND, AIFFEIZE > T, COPIL 4 L7z/Mafk) & 2 v AR~ D%
2% TgNAR-Fe OPFEAR vy 7 & LTCRIE S, Preb 13 CHO fARICE VT Secl2 & L THERET 2 ATREME D R &,
CHO TgNAR i C Preb ZiBRIFEIL W5 & | IgNAR-Fe OAFEMNE < 72> TV D 28, Preb BRI BLAAL 7 — /L & Mock
M7 — VO JFAS, LD CHO TgNAR M & 0 HAEFEMEAENZ &5, CHO TgNAR MO AEFEMZ LV mH 5729
Wi, SRR E(EBMNETH D LT T 5,

PLED L 91T, AiwsCE IgNAR AFEMED R VR y 7 2B L. EOAEENR Eo%AZ IR L TR Y, IgNAR
APEIZBIT DR MRy ZEICEBRL TWD, Lo TARBRIUIE LR E LTUMESH 2 LD LB D,






