-

View metadata, citation and similar papers at core.ac.uk brought to you byff CORE

provided by Gunma University Academic Information Repository

A owm X 0 EOE

PURPEAIZ I 1T D A pEVE- & S0 E DFK SARPEA MRS E ORR & Ol @ H58 TR, 4
YVIELER), A ZARu— A7 7T a—F

Comparison of monoclonal antibody-expressing cell lines with high productivity/high
quality vs. with low productivity/low quality: approaches from fermentation

engineering, biophysical chemistry, and metabolomic analysis

K 4 A #E- H

PUREIESL T2 O OPUR R - B P28y - ARWEESNEER OF AR NG A
SHOWHND X oo Tz. EERIZ, FUREREOTIGITHAICHE L RELHFIT TN D,
RERARIIECHEOR G RN Z b KIGE ST RV o X Fos VWil
TRETHIMLENHD Z 0D, AEMEOESWELE 7 1 2 RNEE OB O 720 (2%
BHThD., —FH, BEROXZ VR VEOMEITHMETREZELIZELHD, 2 E T,
AFEMIE CHRER SN TR0 o72. LovL, AFEMOm EICHE, BEEo X 7 g
OENHLOMEIC G 2 5B L A TE o oo T 2. HHREPOHURLE O Y
%, rERXaX hOHIRZZT TR, BWERZREORZEEN G LEETHDH., £/ /1
— T AHURDAEFEN: & B IXEH T 2 MR OMEICRE IKFET L2 b, JURESE
EnDBAFE TR T, KA PE (BEEAPE) (0 L 7= Ik 238309 2 TR M ICE
EThHDHEZEZDLNTWD., AT, PUEEETRD BNICEHINLST v =—
AN AL —PRBLHIAE (CHO MIAR) 122\ T, RIIAAEFEICE L7- @\ O e & EFENE
ZHT DR OB A2 ST, fix OBt E{T o 7.

FPTEIT, EOVAEENE SRV EERE &2 T HIIRZ FHE ST 57200, EEEORE
ECHLPURRE, BXOBERSEOEIECTH D@L TREOEIS (HMWS(%) & IZHH
IZBMRT AR TFEZRE L. hTAYRX<T (Famth N—7rnr—r, "—kTF) EjE
9% 28FOLERBIUKZH L, FURRE - B28IET O HMWS(%) 72 £ %58 L7z, Hit
IR EE IS X OV HMWS(%) DFEHE & £k 2 72K 1- & OBRZB NI T 572018, AT v 7T
A RS ERIFIHT 2T o7, TOFRER, EOPUARREX, SOHEREEE (1) - SV A
FERE (Qp) « IMWHIfENES (HC) X U R/ EHERLBHBRLTVDZ ERHLNE o
7=. —JF, IRV HMWS(%)iZ%, {&u> protein disulfide isomerase @ mRNA L UL « @SR
B T EEOEIE - WV Qp « mWMaNES (LC) ¥ "V EEE - @ &R
LTCWDZENHLNE ST, ZOFERIE, ERINTOIELL, R PURD DT


https://core.ac.uk/display/141878111?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

T T V=TT 4 TN, EWPUREE IRWEERERIZE S TEHETHDL Z
LERIETHLDTHH .

AT, KBURAPE I L7z B OPUR & FEA T 2R OREEZ B S 0NN T 5 7291,
PURY 7B X OB OREDS, AFEMER X OBHER S B TR 22 IRk TR 72 5
MEIMMEFE L. 28KRO TSR A (EWEEM, BROEBERESE) B X O
R B (RWAERENE, mWEHERE ) 28RN0, T2 oMiakks 35 L. M,
ZIDOMIBIZ K > TAEESNT-HUES T (B ~—), & L CEERDO FEAME O g
EiToTo. TORER, fie oz (HiERE, FFELAMEMEORENRSE &, MIENE L OR#E
HH LC & &, MM HC B X WWHC ¥ 1 ~— D%, 7 aP bOFIEE) BNFEET D
ZEDRH BN E 2o T IR B TOmWEERD & & IRWHURIREE L LC DR FEM:,
BLOZNWIMHEIZDHCH A ~v—LE /) v—DEMICERTHEEZEx NS, Fi,
BHERE R TR, BEREROEER AT =LY 2 OOHIfEM TR > Tz,
HIRRRE A Sk OBHEMRL, BICHARAMEOHMAEERIC L VRS D 2, Mok B hsk
DOEFEMRIL, FICBUKMEOHEERIC L VIBREND Z ERHLMNE o7,

U, A XA — MMENTE O CRIEEE A B L USiiark B o 21772, el
fakk A & B ORIOAEPENE (BUATEREE) O, TICHIEEOE IR A > Hilkk B)
ThHZENBIEINTWS. 200K B0 S NTZHUEAD MEIZEBW T, FLiEo
PUREAEERI G EIEME L Bd T 5 3E 7 a v b Sz A4 U SO EIS IO % A 7T
EDMFET D (HIERE A< Mtk B) ZEenROHLNTWVD. I HIT, EORETIEL, &
BRI B L LA RS SRR OE S DS HIR A LMk B & TR D Z L2 T
W5, ZISOEWIHIMARHNRE LR L TV D BmE 21T 72, T OREE, FLERCH
7 MEEWAEEEOMBK Z R INT 2 DICAEH TH 523, Mlatk A TO®EWHUARE X
FLRREH Y 7 FBRER TIERNWZ ERNRB ST, £, @WAREN SRV AEMEO R
PR TR DAV BEFERE D 1E T, BRI IC 31 2@ D TCA Y1 7 L HRHA L~ Lo
EWICKEKT S Z AR ENT-. 7 ai bt U TFEOEIEOEWVE, GDP-7 a— A D
AN 7 — LD L~JLEVZ D DO TERLS, 7ai V70 A7 27 —EBORBL L~
v & ZDRTEALDOEODRE TIEAR W) EHEE Sivlz. MERRR oA RS A D RREIR
DEIGDE L, BELIB{LA NV RREOFEWNIERLTEY, I har R ToOR
{E3ETCIRTE & BE L T2 TREME A @ EHEE STz,

KIFIE DR TFH) « EBRFH) « A 2R e — A7 e —FIc LV, EEEE-E
B OPURFBIE & AREANE-R B OPURR Bk & OMICER % 2BV RFIET 5 2 & A3
Bk etz AR, mAEENE-RSEOPURBIME OB - (ERRIZT T <, FiiRo
UETROUGEICHEL D EHIfF SN D.



Comparison of monoclonal antibody-expressing cell lines with high productivity/high
quality vs. with low productivity/low quality: approaches from fermentation

engineering, biophysical chemistry, and metabolomic analysis

Therapeutic monoclonal antibodies (mAbs) have been widely used because of their high antigenic
specificity, long serum half-life, and low incidence of undesirable side effects. In fact, the global
market of therapeutic mAbs is growing annually. Because large doses of therapeutic mAbs are
usually required and mAbs are commonly expressed in animal cells, which require high
manufacturing cost compared with that of £. coli, mAb production processes with high productivity
(titer) have been considered of prime importance in order to reduce expense to patients. On the
other hand, since many of product-related impurities such as aggregates in culture media can be
removed during purification processes, the quality of mAbs in culture media has not been regarded
as an important issue compared with the productivity of host cell until recently. The influence of
mADb quality in culture media on the drug product quality, however, cannot be disregarded in
accordance with the recent increase in mAb productivity of host cell. The quality improvement of
mAb in culture medium is important not only for process cost reduction but for the safety
enhancement of the drug product. Because the productivity and quality of mAbs depend on cell
lines employed, the selection of cell lines suitable for large-scale production (commercial
manufacturing) is a very important step in process development for mAb production. In this study,
I revealed the characteristics of the host CHO cell lines possessing high productivity and high
quality, which are suitable for large-scale production.

At the first step in this study, I determined factors closely related to titer, which is a productivity
indicator, and the area percentage of high molecular weight species [HMWS(%) as determined by
size exclusion chromatography (SEC) analysis], which is equivalent to aggregate content and is

used as a quality indicator, to characterize cells that have high productivity and low aggregates



contents. Twenty-eight stable CHO cell lines that produce trastuzumab (trade names Herclon,
Herceptin) were generated, and their properties were analyzed, such as titer, HMWS(%) in culture
media. To understand the relationship between various factors and titer/HMWS(%), I performed
stepwise multiple linear regression analyses. I found that high titer was associated to high specific
growth rate (n), high specific production rate (Qp), and low intracellular heavy chain (HC) protein
content. Thus, the cell lines that exhibit high intracellular HC content due to their difficulties in
the assembling/folding process in the endoplasmic reticulum (ER) are considered to exhibit
decreased titer, and the HC protein accumulation is thought to induce unfolded protein response
(UPR), which is unfavorable for the cells. On the other hand, low HMWS(%) was associated to a
low PDI mRNA level, high LMWS(%), high Qp, high intracellular L.C protein content, and high p.
In addition, it was considered that the partially misfolded antibody molecules may cause
aggregates in the culture medium or in the cells. Taken together, the presented results suggest
that correct and efficient assembling and/or folding of an antibody molecule in the ER are
important for high titer and low aggregate contents.

At the second step in this study, to identify the characteristics of cell lines that produce mAb
with qualities suitable for large-scale production, I investigated whether the characteristics of
antibody samples and cells differed between the two cell lines with contrasting productivities and
aggregate contents. Cell line A (high titer and high quality) and cell line B (low titer and low
quality) were selected from the 28 cell lines, and each cell line was cultured three times. The
comparison of cell behavior and antibody samples between the two cell lines by using various
analytical methods, such as SEC and electrophoresis revealed various differences (cell growth, the
contents of noncovalent aggregates, accumulation of HC dimers/monomer, and proportion of
defucosylated oligosaccharides). I attribute the higher aggregate content and lower titer in cell line

B to the lower production levels of LLC and more extensive subsequent accumulation of HC



dimers/monomers in cell line B. The major mechanisms of aggregate formation were also different
between the two cell lines. The aggregates from cell line A were predominantly formed by covalent
interaction, whereas those from cell line B were predominantly formed by hydrophobic
interactions.

At the third step in this study, I investigated the influence of cell’s metabolic states on mAb
productivity/quality using metabolomic analyses. It was previously observed that the difference
between cell line A and B in the productivity (titer) was attributed mainly to differences in the
number of total cells (cell line A > cell line B). With respect to the qualities of mAbs secreted from
the two cell lines, it was observed that there was a cell-type difference in the proportions of
defucosylated oligosaccharides (cell line A < cell line B), which are related to the
antibody-dependent cell cytotoxicity activity of mAbs. In addition, in the second step, I observed
different proportions of covalent aggregates (cell line A > cell line B) although the total aggregate
content was higher for cell line B than for cell line A. I investigated whether these differences were
associated with the cell’s metabolic state. My results suggest that the high mAb titer of cell line A
is not accounted for by the lactate metabolism shift, although lactate metabolism shift is useful for
selection of cell lines with high productivity. The differences in cell proliferation between high and
low antibody-producing cell lines can be accounted for by the levels of tricarboxylic acid cycle
intermediates. The difference in proportions of fucosylated oligosaccharides may be explained by
the distinct levels and localization of fucosyltransferase rather than differences in the intracellular
pool of GDP-fucose. Oxidative stress is likely involved in the difference in proportions of covalent
aggregates, and the difference in oxidative stress between cell lines may be associated with
mitochondrial oxidative activity.

In this study, various differences between monoclonal antibody-expressing cell lines with high

productivity/high quality and with low productivity/low quality were revealed by approaches from



fermentation engineering, biophysical chemistry, and metabolomic analyses. The present findings
will be useful not only for the selection/creation of cell lines with high productivity/high quality but

also for improving manufacturing processes of mAbs.



