Clarification of mammalian cell culture feed
streams using depth filters and flocculants;
a case study
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Merck has developed an all-synthetic depth filtration media /pDADMAC\ ‘ N / _ _ \ Table 4: Filter sizing for Clarisolve® 40MS filters to filter 0.05%
(Millistak+® HC Pro DOSP and XO0SP) intended to improve the ) - Feed Depth Filtration pDADMAC Treated Harvest Material.
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(HCP) and host cell DNA (HCDNA). These media have been tested in 0.025% < A - =~ i A Pt b T ) B e R S PO I s
this study and were evaluated against benchmark Millistak+® HC 0.05% -- —

DOHC and XOHC filters. Using a Chinese hamster ovary (CHO)- \ : reated Harvest [OMS > - S At et M R el e
derived human monoclonal antibody (HuMAbs) culture at VCD: ~1.4 _ ) OR oot

x 107 cells/mL, Viability: ~95% and HuMAb concentration: ~0.9 g/L _ - A

(Figure 1), both Millistak+® HC Pro DOSP and Millistak+® HC DOHC 100

filters showed no effect on HUMADb concentration; i.e. 100% HuMADb
recovery, with a higher HCP clearance when Millistak+® DOHC filter
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was used (16% for DOHC vs 4% for DOSP, Figure 2). Both filters PAA o I
showed a minimal effect on HCDNA clearance (HCDNA log reduction: I I I I
-0.3 for DOHC and -0.5 for DOSP, Figure 2). Table 2 shows filter 0% 1
sizing for these filters when used to filter a 500 L batch. The ; ° T PAA % Concentration in the Sample o8
Millistak+® HC Pro XOSP filter increased HCP reduction compared to 0.05% B C
Millistak+® HC XOHC filter (~91% compared to ~63% respectively), 0.1% o 120 4
at the cost of HUMAb recovery (Figure 3). HuUMAb recovery post S 100 .
Millistak+® HC XOHC was ~94% while the recovery post Millistak+® 0.2% ES 80 % ’
HC Pro XO0SP filter was ~70%. The data suggests that Millistak+® HC gg 60 S
Pro XOSP filters are suitable for processes challenged by hard-to- 55 40 é
remove HCP impurities during downstream processing. Both @ -0 T
Millistak+® HC XOHC and Millistak+® HC Pro XOSP filters were highly o = ]

efficient in removing HCDNA to ~5 logs (Figure 3B). Table 3 shows
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filter sizing for these filters when used to filter a 500 L batch. - : |
Analytical Testing ® HCP Reduction = HUMAb Recovery
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Flocculation is a simple met_hod to pre-cla_rl_fy hlgh—gl_en5|_ty CHO cell Turbidity bellet Size HuMI_I-I\ngntre Figure 5: Clarisolve® mPAA polymer Dose Response Study (A), Effect of
Culture feed streams, allowing for an efficient clarification process . HCDNA Primary Filters £ 0.2% Clarisolve® mPAA polymer on HCP Reduction and
that would otherwise not be_ _fea5|_ble using traditional depth filters. \ ) HUMAb Recovery (B) and HCDNA (C).
Here two flocculants were utilized in a dose response study; 1) poly-
diallyldimethylammonium chloride (pDADMAC), and 2) Clarisolve® Results Table 5: Filter sizing for Clarisolve® 40MS filters to filter 0.2% mPAA
mPAA, modified poly(allyl amine), a polycationic stimulus-responsive Polymer Treated Harvest Material.
flocculation polymer. The dose of each flocculant that resulted in A B 4 _ » »
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dose (Figure 4A and 5A). Clarisolve® filters, which are designed for 3 3, g A el N eyt (E Al Rt R PR P B s
higher dirt holding capacity, were used as primary filters, followed < 80 § _ _
by Millistak+® HC XOHC or Millistak+® HC Pro XOSP filters as E’é‘ 60 25 P Eereelvet ) 3 25 204 168 | 6390 | 3.3 2.19 5 x 1.1m?2 2.75
secondary filters. Harvest material treated with 0.05% pDADMAC 5 - z ranes
polymer and filtered with Clarisolve® 40MS filter showed similar HCP 2 40 = . A B
reduction (~16%) to Millistak+® HC DOHC filtrate with minimal }]3 20 o 120 4
(~1%) effect on HUMADb recovery (Figure 4B). The combination, 5 o l — 0 5 100 33
however, showed an efficient HCDNA (~3 logs) clearance (Figure fretanvest  DORC DOSP PreHarvest  DOHC  DOSP 2R 80 22
4C). Harvest material treated with 0.2% Clarisolve® mPAA polymer = HCP Reduction = HUMAb Recovery g = 60 = |
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reduction (Figure 5A and B). The data are intriguing as they are T 0 A ; y - 2 . , 5 . .

comparable to the results when DOHC > XOHC filters were used
(Figure 3A). This means lower numbers of filters (5 vs 13) can be
used with similar efficiency, a benefit in large scale manufacturing.
When combined with Millistak+® HC XOHC or Millistak+® HC Pro
XO0SP filters, Millistak+® HC Pro XOSP filter was more efficient in
removing HCP (for pDADMAC treated feed: 64% vs 28% reduction

® HCP Reduction HuUMAb Recovery
1. Pre-Harvest Supernatant, 2. pDADMAC polymer 0.05% > Clarisolve®40MS filter >Millistak+®XO0HC filter, 3.

pDADMAC polymer 0.05% > Clarisolve® 40MS filter > Millistak+® X0SP filter 4. mPAA polymer 0.2% > Clarisolve®
60HX filter > Millistak+® XOHC filter, 5. mPAA polymer 0.2% > Clarisolve® 60HX filter> Millistak+® X0SP filter

Table 2: Filter sizing for Millistak+® HC DOHC or Millistak+® HC Pro
DOSP filters to filter direct harvest.
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Figure 6: Effect of Secondary Filters on HCP Reduction and HuMADb
Recovery (A) and HCDNA (B) when 0.05% pDADMAC Treated Harvest>
40MS or 0.2% mPAA Treated Harvest > 60HX used as feed.
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filters were highly efficient in removing HCDNA to ~4.5-5 log fold 11-\20 B 4  prefiter Test  Test . Test Turbidity Turbidity Batch*  Batch*  Suggested
(Figure 6B). Tables 4-6 show filter sizing for different combinations > M STestrier T g Load “EOO (s (Fitvate) Mimmum Fiter . Fiter Area
of flocculants and secondary filters when used to filter a 500 L § 100 ~ 3 (em (psn (L/mz/hry (NTU) | (NTU) = (m=)  Configuration — (m?)
patch. : D e o

<ZE 80 : 2 treated SMillistak +® 5 7.8 400 238 15.4 1.31 0.76 1x1.1m? 1.1
Methods 5

o g . 8 . thraefvt::t ;ysigistak_l_@ 5 6.8 400 240 15.4 1.24 0.43 1x1.1m? 1.1

0 0.2% larisolve®
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expressing HuMAb at seeding density of ~0.4 x 10 cells/mL and & I farvest  XOMC
viability of 99% (Figure 1A). The culture was harvested at day 9 T 2 iy E?dl-'llxl't wso| 5 57 | 400 | 240 | 3.5 | 0.87 0.88 | 1x1.1m2 1.1
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A 959, (Figure 1B and Table 1).
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Figure 3: Effect of Secondary Filters on HCP Reduction and HUMADb
Recovery (A) and HCDNA Reduction (B).

Summary

Table 7 : Sizing and effect of Primary/Secondary Filters £ pDADMAC or
Clarisolve® mPAA polymers on HCP Reduction, HUMAb Recovery and HCDNA.
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Table 3: Filter sizing for Merck’s Millistak+® XOHC or Millistak+®
XOSP filters to filter DOHC or DOSP filtrate respectively.
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Process Duration (days) Fiule ;i-:-teesrt Area Press_ure (L/m2) Flux (Feed) (Filtrate) Minimum Eilter _ Filter Area DOHC 19 100 -0.34 5x 1.1m2 5.5
(cm2) (psi) (L/m2/hr) (NTU) (NTU) (B Configuration (m2)
DOHC >X0HC 63 94 -4.71 8x1.1m2 8.8
| 5 23.5 45 223 426.0 1.32 5.96 8x1.1m2 8.8 DOSP 4 100 -0.49 4 x 0.77m?2 3.08
hzlrrfggt >D)?0HHCC
- . . . i . i DOSP >X0SP 91 70 -5.15 2x1.1m2 2.2
Figure 1: A) Viable cell density (VCD), viability (V), and doubling e I an| 5 125 | 400 | 236 | 19.0 | 252 | 073 | 2x1im? 2.2 pDAD;ACOOSO/ S
: .- e 16 99 -3.49 5x 1.1m?2 2.75
time (Td). B) HuMADb culture had a turbidity ~2817 NTU at day 9 ¥ 500 L G 0.05% *
post inoculation; i.e. harvest day. - >40MS >XOHC 28 84 487 Lx1.1m? 1
P 05% 64 72 -4.49 1x1.1m? 1.1
I >40MS >X0SP
Table 1: Harvest material turbidity, HuMAb, HCP and HCDNA EE {00 101 121.00 MPAA 0.2% >60HX 55 95 -3.23 5x1.1m? 2.75
. c PAA 0.2% >60HX
concentration on harvest day. S 170 VAN 71 79 -4.41 1 x 1.1m?2 1.1
_ _ _ fgg 10 /44 4.86 842 T)F(’é‘épo'zo/° >60HX 92 68 -4.03 1x1.1m? 1.1
The harvest was either left untreated or treated with different doses 27 . . .
of pDADMAC or Clarisolve® mPAA polymers, then filtered using 1 "0t
. . . . 0 0.02 0.0 0.075 0.1 0.2 . . . .
different primary and secondary filters (See Process Flow Diagram pSDADMAC e O Sample This case study shoyv_s promising results and provides alternative paths fc_>r
(PFD), then analyzed for HuMAb concentration, HCP and HCDNA B C CHO cell culture clarification, based on the nature of HCP and of the protein
(See analytical testing plan in PFD). o 120 4 of interest.
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Figure 4: pDADMAC Dose Response Study (A), Effect of Primary
Filters £ 0.05% pDADMAC polymer on HCP Reduction and HUMADb
Recovery (B) and HCDNA (C).
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