Contribution of variable domains to
the stability of humanized IgG1
monoclonal antibodies
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Structural features of a monoclonal antibody

CDR
> Fab ~50 kDa

S~ Fc ~50 kDa

2 Fab: 1 Fc per intact mAB molecule
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Thermograms of three humanized IgG1 monoclonal

antibodies
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- R. lonescu, J. Vlasak, C. Price, M. Kirchmeier J. Pharm. Sci. 2007 (in press)
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Temperature-induced unfolding of Fc fragments
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Impact of deglycosylation on the stability of a

monoclonal antibody
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Temperature-induced unfolding of Fab fragments
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Characterization of Ava Fab fragment resulted from

papain digestion

SEC-HPLC on Ava-Fab SDS-PAGE on Ava-Fab
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LC-MS of reduced Ava-Fab: expected MW

HC 24766 Da; LC 23451 Da

B 7(C of +TOF MS:from Avastin Fab Reduced it Max 6.0eT cps
6.0e7 1066.96
5567 96201
5067
457
4067
O ssr
3067
—
2507
I 00t 1065
1567
1,067
5060
@ 60 "o #0130 B0 180 170 w0  ®o 200

5907.00

3.4€5
3.2e5
3.0e5
2.8e54
2.6€5
2.4e5
2.2€5
2.0e5
1.8e5
1.6e5
1.4€5
1.2e5
1.0e5
8.0e4
6.0e4
4.0e4

2004 11815.00

~

I 4893
1e4

€ MERCK

116.00 ABQO 14280

140
Time, min

| 5907

18258.00

18258
HC pieces

18329.00

o 23450.00

wa FURERIR N

3425600
2e4 3e4
™

B TIC of “TOF MS: from Avastin Fab_ Reduced wi

6.0e7 0es
5507 96201

5087
aser
4087
ase7
3.0e7-
2507
2007
1507
1007

5.0e6!

102065

Max 6,067 cps.

100 105 110 118 120

8.0e5
7.5e5
7.0e5
6.5€5
6.0e5
5.5e57
5.0e57
4.5e5
4.0e5
3.5e5
3.0e51
2.5e5
2.0e5

1.5€51

1.0e51 18258.00

5.0e4 172\6.00

25
Time, min

130 135 1o 145 150

23451.00

150300 553664

23451
LC

(029253.00_30903.00_32687.0(

10e4  15e4  20e4

25e4  30ed  3.5ed
Mas

1066.96

100 105

9.5e4
9.0e44
8.5e4
8.0e41
7.5e4
7.0e4
6.5e4
6.0e4
5.5e4
5.0e4
4.5e4
4.0e4
3.5e4
3.0e41
2.5e4
2.0e4
1.5e4 4
1.0e44
5000.041725.00

I

Time, min

23451.00

23451
LC

N
=
~

24760
HC

18258.00

24867.00
183 4-002244‘9. 042440000 31726.00 36759.00
1 o

1.0e4

15e4  20e4  25e4  30e4 3504
Mass, [



Overlay of Her and Ava heavy chain variable
domains: additional clipping site of papain in Ava Fab
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Thermograms of purified fractions of Ava Fab
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By SEC, the sample composition after purification is:
“AVA Fab purified monomer”: 95% monomer, 5% dimer
“AVA Fab purified dimer”: 12% monomer, 88% dimer

“Monomer” Ava-Fab intact
“Dimer” (Ava-Fab*), clipped
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For Mrk mAB, Fc and Fab unfold independently
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Dependence of melting temperatures and

experimental enthalpy of unfolding on scan rate

Dependence of Tm on scan rates
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Experimental enthalpy: key for assignment of
thermal transition

First transition Second transition Total
Protein Enthalpy Enthalpy Enthalpy
™MCC)  ecaimol) ™M) (kealimol)  (keal/imol)
Mrk
Intact 71.0 157 81.5 786 943
Fab
Fc 70.6 192 82.0 158 350
Her
Intact 71.4 163 81.8 835 998
Fab 82.4 318
Fc 69.7 170 82.2 155 325
Ava
Intact 71.2 800 82.9 138 938
Fab 741 316
Fc 70.0 185 82.0 138 323
A
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Impact of pH on the stability of IgG1 monoclonal

antibodies
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A post-transition baseline is a pre-requisite for

correct assighment of transitions

Biochemistry, Vol. 46, No. 6, 2007 1339
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Aditya A. Wakankar.** Ronald T. Borchardt.? Charles Eigenbmt,” Steven Shia!' Y. John Tﬁv’aﬂg,t
Steve J. Shire. and Jun L. Liu?

Reproduced with permission from ACS
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Non-cooperative unfolding of Fab fragment

can produce multiple peaks in the DSC profile

“A broad range of Fab stabilities within a host of therapeutic IgGs

Ellen Garber and Stephen J. Demarest
BBRC (2007) 355, 751-757
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Why is it important to have a correct understanding

of the thermal transitions of an monoclonal
antibody

Support process development
- Participate in clone selection
- Demonstrate batch-to-batch consistency

- Improve production yield (alleviate aggregation issues)

Support formulation development
- Excipient screening

- Correlation with long-term stability (?)
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Formulation of three humanized IgG1 monoclonal

antibodies
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Her: lyophilized formulation (shelf life 3y)
Ava: liquid formulation at 25 mg/mL protein (shelf life 2y)
Mrk: liquid formulation at 20 mg/mL (shelf life 22y)
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Sequence alignhment of Her and Ava monoclonal

antibodies
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Light chain- variable domains Heavy chain- variable domains
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