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Abstract of Thesis

Chapter 1 Introduction: The increased incidence of hand, foot, and mouth disease caused by coxsackievirus A6
(CVA6) has been gaining attention recently. A virus-like particle (VLP) vaccine targeting CVA6 was developed as
a prevention measure. To produce this vaccine, Chinese hamster ovary (CHO) cells were selected for their
advantages including the ability to perform post-translational modification. Modeling is a versatile tool for
bioprocess development. Bioprocess can benefit from models in many aspects such as optimization. However,
current models cannot simulate the behavior observed in the CVA6 VLP production process which was different
from other production processes of recombinant proteins. So, a kinetic model was developed to facilitate the
process development of the CVA6 VLP vaccine production.

Chapter 2 Deterministic modeling of a CVA6 VLP vaccine production process using CHO cell culture: Cell lysis
quantification protocol using double-stranded DNA as the indicator was developed firstly because cell lysis was
important for the product release. Then, CVA6 VLP-producing CHO cells were cultivated using two bioreactors in
fed-batch mode. Two pH shift strategies were applied to investigate the impact of pH shift. After that, a kinetic
model was built and a new equation correlating VLP concentration with dead and lysed cell densities was
proposed. This model could simulate experimental data with high accuracy. Then, sensitivity analysis was
conducted to investigate the impact of initial culture conditions and model parameters on the VLP yield. Besides,
based on model prediction, pH shift on day 8 would give the highest yield of VLLPs. But a tradeoff between product
yield and quality was found. Desirability methodology was applied to perform multicriteria optimization. Cell
culture without pH shift at 311 h was predicted to be the optimal operating condition balancing product yield and
quality. Therefore, the proposed kinetic model can facilitate in silico process development. However, deterministic
models cannot provide information about batch-to-batch variations of the process. Batch-to-batch variations
commonly exist in bioprocess and are important for process validation. Therefore, they need to be quantified.
Chapter 3 Probabilistic modeling of a CVA6 VLP vaccine production process using CHO cell culture: To overcome
the aforementioned limitation, probabilistic modeling was performed to quantify batch-to-batch variations in the
CVAG6 VLP production process. The kinetic model constructed before was updated and used as the basis of
subsequent work. Batch cultures of CVA6 VLP-producing CHO cells were performed using 4 flasks in parallel for
model training and testing. For computational work, frequentist and Bayesian approaches were applied. The
frequentist approach was based on the Monte Carlo sampling technique and it could simulate both means and
prediction intervals of the process providing information on the batch-to-batch variations. 95% prediction
intervals were able to contain experimental data points by the end of cell culture when most VLPs were released.
Nevertheless, these intervals failed to contain most of the experimental data points because the model accuracy of
the updated kinetic model is not high enough. In addition, covariance between data points was found to be
important when using sampling techniques. In terms of the Bayesian approach, the computation cannot run as
expected due to the low accuracy of the kinetic model. To summarize, compared with the frequentist approach, the
Bayesian approach is unsuitable for performing probabilistic modeling when high-quality models are deficient.
Chapter 4: Conclusions and future perspectives: A kinetic model was built simulating the production process of a
CVA6 VLP vaccine in CHO cells. Deterministic modeling was conducted to enable in silico process development.
Besides, batch-to-batch variations of the process were quantified by probabilistic modeling. Further efforts are

needed to improve model accuracy. The generality of this model needs to be tested for other production processes.
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AT, N AEELOPHABEE LTHOBR TS F v 4 =—ANARA X —JRH (CHO) Mifiaz AWz A
JVARRRLT (Virus-like particle: VLP) ZEEDET NMAICBET AWML EIToTEBY, LLFD 4 LK ST
D,

12 R ISR T, EERI L TV coxsackie virus(= 7 v F— 17 1 /L Z)A6 (CVAB) IZ XD FEAFRD
TR E LT, CVA6 ZAE & LTz VLP U 7 F U BB ORMAR B NS, 2DV 7 F o OAEFESE L LT CHO il % M
W B R R O G IIMEIC OV TR T D, KIS, CHO Ml ZE W e A A7 20T U 7 ORI B
2. CVA6 VLP U 2 F LA EDE T MEIZ BT DRI OV TR TV 5,

% 2 & TCHO MRS 3 & VM= CVAG VLP U 7 F o BE 7 ot ZDWERIIET Y o 7] ITBWTIE,  CHO ffaLs %
Z AN CVAG VLP U 7 F Ll 7 b ZADWERNET U o ZICEAE S TT, £, TR DNA 2R L Lo K%
B GEWH) (2T D AEREMRA G 0t ADEBRIIRENT 21T > TWD, RIZ, A AU T 7 & —%H\ iz CVA6
VLP FEAE CHO AR 2 JENNESZRIZB VT, 5538 pH v 7 M BVEBEMEICKIETEEBEZ R LT\ D, Tk, EBREE
WCEESWCGHREFRET VS L, VLP R & BRI 3 L OVAMAI IO BE A FHBS S 2 LWAAIBE L, 2o
ETNUNERT —HE@mOEETUIa L — M TEDLILERLTWD, o, HELZET MIESE BESTTZ
1T, WIIRGE RS ET A RT A—2 N VP WEIZHE X AEBLRFI L, ETLOTRNCESEX, 8 HAD pH v 7
FARBEWVLPINEZEZ 228, SHICHEBOINEE BEDOMICIZ ML — FF7OGRRHHZ L AR L TN5D,
%5 32 TCHO MIfaks 8 & V72 CVA6 VLP U 7 F U HldE 7 v & A DFERGHNET U > 7] 128V TiE, CVA6 VLP ZEpE
TavAONy FHEBEERLT DHERNETT Y V7 E4T> T D, 28 TR LULERERNET LIZT TILT
22Dy FEREBIET OERERMET D Z LIXTE RV, Ny FHEENI NS A7 1 & 2 TIE—RIICHFE
L, 7eE2ONY F =33 e > TUIEEREA TH D, £ 2T, CVA6 VLP FEAE CHO MifE D 4 DDNAT L 72 k5&
MREANT, TETAD M L—=0 72T X M E{T> T3, Frequentist 77 1 —F & Bayesian 7 7 1 —F %
L. et 20 VH L PRIKEOW %2 I 2 b—F L, Ny FRIOIE SO ICHET D ERARM LI R, <1 X7
7a—FICE LT, BEET VOREMENZD, FHEBHFEVICETTE T, mAERETADBRRLTNDE
By A AT T a—FIIHERRBTT V) T OFITIEIARMETH DL LR LTWND,

A i S%OREE] ICBW T, CHO MIfalcIsiT 2 CVA6 VLP U 7 F U A ET v A DE 7 AKIZ DWW TR TS
LTW5, BLED X SI2, AiHsTid CHO Ml 72 VLP ZAEBEIZOWTH LWE T L ZREE L, ZDOIHMEIZ SN T
BREELTW5D, Lo THRmIIE LR E L TIESH D HD LD 5,




