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Abstract of Thesis

Chapter 1 Introduction: Chinese Hamster Ovary (CHO) cells are used in the biopharmaceutical
manufacturing as a host cell for the production of recombinant proteins, specifically IgG. It became clearer
recently that the bottlenecks for CHO cells to achieve their best performance are not the transgene expression
level but rather the folding and secretion machinery. The endoplasmic reticulum (ER) is the cell’s factory
where secretory and membrane proteins are folded to reach their active conformations. ER chaperones ensure
the proper folding and assembly of multimeric proteins. Some of these chaperones localize in the ER owing to
a C-terminal retention motif KDEL (Lysine, Aspartic acid, Glutamic acid and Leucine). The retention motif is
recognized by the KDEL receptors that ensure their re-capturing from post ER compartments. This retention
machinery has been proven to be saturable in plant and mammalian cells. The saturation is represented by
the cell’s inability to upregulate the KDEL receptors during stress conditions at the time when the chaperones
are highly upregulated. In this study, saturation and engineering of the ER retention machinery is
investigated in a pursuit of finding possible natural limitations that could be amended to help achieve better
CHO cell performance.

Chapter 2 ER retention machinery response and engineering: The effect of ER stress induction on the
expression levels of KDEL receptors and ER chaperones are elucidated. When ER stress was induced in CHO
cells, the three KDEL receptors were upregulated to less than two folds. On the contrary, ER chaperones like
Binding immunoglobulin Protein (BiP) and Glucose Regulated Protein-94 (GRP94) were upregulated with
more than twelve folds. The effect of KDELR1 overexpression on IgG1 productivity was also investigated.
KDELR1 was recombinantly overexpressed in IgG1 producing CHO cells and it had no effect on the cell
growth, IgG1 titer or cell viability. The specific productivity of the cell showed slight but significant
improvement. The exact reason behind this is still unclear, however it is considered to be due to an
improvement in the intracellular traffic and/or signalling between the ER and Golgi.

Chapter 3 Secretion of ER chaperones to the medium: The secretion of ER chaperones to the medium was
investigated during KDELR1 or PDI overexpression. PDI was recombinantly overexpressed in CHO-K1 cells
and was significantly detected in cell lysates and concentrated medium. However, KDELR1 overexpression
under CMV promoter did not prevent ER chaperones’ secretion to the medium. A CHO cell model was
constructed where the non-ER stress sensitive KDELR1 gene was expressed under an ER stress sensitive
promoter (BiP promoter). BiP promoter was cloned from CHO-K1 cell genome after searching for the known
ER stress elements to determine the proper length to be cloned. The expressed KDELR1 was responsive to ER
stress; however, it only gave a slight improvement in chaperones’ retention. ER chaperones were still secreted
to the medium during stress conditions.

Chapter 4 ER stress induces GRP94 secretion as low molecular weight species: In the process of investigating
ER chaperones’ secretion under stress conditions, GRP94 was found to be truncated into a smaller molecular
weight band of around 80-86 kDa in comparison with the full length GRP94 that is 94 kDa. It was
hypothesized that this truncation happens at the C-terminal where the KDEL motif existed. Several
techniques were used to analyse whether the C-terminal is intact. It is suggested that GRP94 is cleaved from
its C-terminal and not the N-terminal. Brefeldin A (BFA) treatment of CHO cells showed that the secretion of
ER chaperones to the medium occurs through the canonical ER to Golgi pathway. BFA caused the truncated
GRP94 to accumulate inside the cell and was not secreted. All the results together suggest that upon ER
stress, GRP94 is cleaved at its C-terminal inside the ER, this cleavage causes the loss of its retention motif
which finally leads to its canonical secretion in abundance.

Chapter 5 Concluding remarks and future prospects: This study sheds light on ER retention machinery and
the possibility of its saturation in CHO cells. ER chaperones secretion during stress conditions suggests the
involvement of other mechanism of secretion other than the inability of CHO cells to upregulate KDEL
receptors. The revealed low molecular weight species of GRP94 might be of importance as GRP94 is a
trafficking molecule with antigen presentation properties.
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F1E FxA=—ANLAZ—FJIE (CHO) MR, ## 2 & RV B FC 16 # ST 5720 D Efifla s L
TS AEHEGAEICF AN TS, CHO IS EEFEE R I ATIODOR My 713, BAEE DR
LoUL TR TV BHREDWMD AT = AL THD Z EBITER LN/ TETW D, /Madidfifiaickir s % v
RIBERDFTHY , WH XGRS R BRI BEN OERRIOMIE Z BT 5, /NMaEy v ~a v
13, BREZ R BOWNR T H—NT 4T TR TV EHSTNEN, ThbDY v~2mrDhiid, ¢ Kl
\ZKDEL £ F—7 (U Pr, TARTXUEE, JNVEIVE, nAvy) 2RO, MAUKRIZRET I LORD 5,
Z @ KDEL & F— 71 KDEL S BMRIC Lo TR S 4L, /MakgofiaNa s R— A hnb vy o 2 FEIN T
LSRR SN D, ZORFHERICE O T, M BEOMIATY v e U B REICREERT 5 A ML ASMA T T, M
Ja 7S KDEL 2 AR+ e R B CE R RBP I ERNHMBNTNWD, £ 2 TABFZECIL, /MakIizBg 2 REH I
W C ORIE T2 22 BFZE 24TV, CHO Ml o B pErt ) b2 at L=,

H2E  /PNEEA R L ADFEFED KDEL 2/ &/ NaiR s v~ a U OFEL L~ RIET AR L7z, CHO Hifa
W/PMEER b L AZFHFET DH L 300 KDEL ZARIT 2 f5LLTICE THELD LA L7z, —7 . Binding immunoglobulin
Protein (BiP)=° Glucose Regulated Protein-94 (GRP94) 7 & /IR %~ L d 12 204 2 #8hn LT 7=, KDEL
ZRIED 15T 5 KDELRL DIBFEIFEEIN 1661 DAFEMEIZ T T ST b #ET L7-, KDELR1 % 1gG1 ZEE CHO i
B W CRRIBEL ST & 2 A, M, 1g6l REE, MOEFRICEEL RITS T, WAEEREIX, T T
H 5B AREIC B LT,

% 3 # KDELR1 ¥ 7-1% PDI OB D/ MAK S ¥ 1 o OEEH~D A& & #Ef L=, PDI % CHO-K1 HHjA il
FIRBL S & A, MaHyCmiEE T IcmERICOWw LT, LosL, CWV 7’18 — & — T KDELRL Z 5%
BEETH, BRIy S0 DOEA~DOSWITIED SRR o7, £ 2T, @HIL R A b L AZEE L7220 KDELRL &
f5f%, BRAMLVASET D7 0E—4— BiP 7uE®—¥—) ZHWCHHE I CHO MR E L L=, BB L
KDELRI i, /MAKZ b L AITISE LD, Py ORENThbTNcSE SN T Tho Tz,

HABEA R VASFMAT TO/NAES ¥~ o D3 A RET 2 T, 4& 94kDa 0 GRP94 73 80-86kDa F2EE D/ &
ROT RN SN TWD Z &b o7z, ZOUINHRGE L7-#5 5., GRP4 1T C—Kmh» HUIKT S v, N=2Kiuh & 13Uk
SN EPRIB ST, CHO g% Brefeldin A (BFA) THLEET S & /NMERY ¥ Lo v OEHA~O WL, /M
RN S TV DR~ DM OFRE TIT DAL, YT S 72 GRPY ITIARNICERE S, DM SN oT2, 2D DRER K
D, NARA N L REZIT D L GRPY [T/ MERIN T CRIE S EIET S, Z 0TI X - TIREFEF— 7 3 kb, &
FERIIZIE GRP94 N3 Wb S 4L D LRI STz,

B 5% ARBFIEIL. CHOMIRIZIIT 28 by 7 4E BEE L C. Ml Tyrme BB L A P L AL R TO
NS v R E DB DWW E B 2 o 7=,

PLEo X 51, ARGwsCiE. CHO Alfa 2 AV - ki % BEIE AR FE D AL FEME M BICE T 2 iAWl fe O % 0 &

L. Mifla TS FEE LT, KDEL ZAREOBFIFEIIC X 2 4E MR EE2ZER L, ZORA =X 50—l fRia L7,
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