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Hyperosmotic stress and perfusion culture strategies increase
the yield of recombinant adenoviral vector produced by HEK
293 cells

ZHANG Zhuoxi??, BAI Zhonghu'*?, LIU Guangyin'*?, NIE Jiangi'*®, YANG Yankun'**"

1 The Key Laboratory of Industrial Biotechnology, Ministry of Education, Jiangnan University, Wuxi 214122, Jiangsu,
China

2 National Engineering Research Center of Cereal Fermentation and Food Biomanufacturing, Jiangnan University,
Wuxi 214122, Jiangsu, China
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Abstract: With various diseases ravaging internationally, the demands for recombinant
adenoviral vector (Adv) vaccines have increased dramatically. To meet the demand for Adv
vaccine, development of a new cell culture process is an effective strategy. Applying
hyperosmotic stress in cells before virus infection could increase the yield of Adv in batch culture
mode. Emerging perfusion culture can significantly increase the yield of Adv as well. Therefore,
combining the hyperosmotic stress process with perfusion culture is expected to improve the yield
of Adv at high cell density. In this study, a shake flask combined with a semi-perfusion culture
was used as a scaled-down model for bioreactor perfusion culture. Media with osmotic pressure
ranging from 300 to 405 mOsm were used to study the effect of hyperosmotic stress on cell
growth and Adv production. The results showed that using a perfusion culture process with a
hyperosmotic pressure medium (370 mOsm) during the cell growth phase and an isosmotic
pressure medium (300 mOsm) during the virus production phase effectively increased the yield of
Adv. This might be due to the increased expression of HSP70 protein during the late phases of
virus replication. The Adv titer in a bioreactor with such a process reached 3.2x10' IFU/mL,
three times higher than that of the traditional perfusion culture process. More importantly, this is
the first time that a strategy of combining the hyperosmotic stress process with perfusion culture
is applied to the production of Adv in HEK 293 cells. It also reveals the reason why the
hyperosmotic stress process increased the yield of Adv, which may facilitate the process
optimization of for producing other Adv in HEK 293 cells.

Keywords: hyperosmotic stress; perfusion culture; HEK 293 cells; adenovirus vector

IR i — AR T, A T mEiR vires, AAV)RIAE PR T H AT E PR T % E
AMSERBEE DNA, K/NEH 7E 80-100 nm!', H Adv B BT RK & HEE I, EGa P
AR A (adenoviral vector, Adv)i FH B —-FEal, faE . AR EL Adv 4"
R R AN A AR o) T 2P
2N TR I & Fggs a7 R, HEK 293 41 HE AL B 37 (perfusion culture) & 245 12 v FH
M A = EA R AR F B FMMAZ T HEK 293 4Ry Adv 4777, mT LR &4 s
—, T Adv =7 AH % 5% B (adeno-associated Adv AT =&, Rk e B E S R
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BEA, DTSN G B 57 o )7 A 0 A 2K
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Figure 1
370 mOsm media. A: PSC. B: Viable cell diameter.
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Vie
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Figure 2 Effect of different medium osmotic pressure on cell growth and metabolism. A: Cell growth. B: Cell
viability. C: Glucose specific consumption rate. D: Lactate specific production rate. E: Glutamine specific

consumption rate. F: Ammonium specific production rate.
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-§ 300 335 370 405 300 335 370 405
Osmotic stress applied after infection (mOsm)
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Osmotic stress applied after infection (mOsm)
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3 EMMESEEMSEMEX Adv EFEMEMFIE A 24 hpi Ml 53.3 hpi BTG4 E. B:
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F: Adv BYRGERCR. G: B e 7 HUAE A (*: P<0.05; **: P<0.01)

Figure 3 Effect of different hyperosmotic stresses on the Adv production phase applied after cell infection. A:

Viable cell density at 24 hpi and 53.3 hpi. B: Cell viability at 24 hpi and 53.3 hpi. C: 24 hpi virus titer. D:
53.3 hpi virus titer. E: Viable cell diameter at 53.3 hpi. F: Adv infection efficiency. G: Ammonium specific

production rate (*: P<0.05, **: P<0.01).
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Figure 4 Effect of hyperosmotic stress on cell growth and Adv production applied before cell infection. A:
Cell growth and cell viability. B: Viable cell diameter. C: 53.3 hpi virus titer and virus particle concentration. D:

Virus infection efficiency (*: P<0.05, **: P<0.01).
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Figure 5

Effect of hyperosmotic pressure on intracellular HSP70 protein expression during the Adv

production phase under iso-osmotic pressure conditions applied before cell infection. A: Western blotting for
detecting the intracellular HSP70 protein. B: Relative content of HSP70 protein (**: P<0.01).
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Figure 6 Scale-up of 3 L bioreactor for optimal hyperosmotic stress process and traditional perfusion culture
process. A: Cell growth. B: Lactate and glucose metabolism. C: Glutamine and ammonium metabolism. D:
Osmotic pressure, Na' concentration, and alkaline buffer replenishment volume during the hyperosmotic stress
process. E: Virus titer.
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