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Applications of Differential Scanning Microcalorimeter
for Physical Stability Evaluation of Therapeutic Antibodies
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The number of therapeutic antibody under development has increased markedly over the
last several years and this trend continues. In fact, there are more than 20 approved antibodies
on the US market. One of the most important characteristics of the antibodies for the successful
development as biotherapeutics is their conformational stability, which can be defined as the
ability of molecule to maintain the native higher-order structure under broad range of conditions.
The antibodies in unfolded state frequently have greater propensity to form aggregates than
those in native state. The differential scanning calorimetry (DSC) is the only technique for direct
measurement of the thermodynamic parameters accompanied by the thermal unfolding. The
DSC is also an effective tool to estimate the contribution of each domain to overall stability
for multi-domain protein such as antibodies. Although thermal stabilities of different antibodies
have been examined by using DSC, apparent unfolding temperature where heat capacity takes
maximum value was mainly discussed and thermodynamic parameters of each domain and
inter-domain interactions were not estimated. It is now expected to establish analytical
technique that takes intrinsic stabilities of each domain and inter-domain interactions into account
for complete understanding of thermodynamics of whole antibody.

Keywords: antibody therapeutics, conformational stability, domain-domain interaction, differential
scanning calorimetry
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Table 1 Global sales ranking (2008), Uto Brain.

Antibody product is highlighted with underline.

Rank Product Name Generic Name Indication Company

1 Lipior Atorvastatin cholesterol/statin Pfizer/Astellas

2 Plavix Clopidogrel antiplatelet Sanofi-Aventis/BMS

3 Advair Diskus Fluticasone/salmeterol asthma GlaxoSmithKline

4 Rituxan/Mab Thera Rituximab Non-Hodgkin's Lymphoma Biogen Idec/Roche

5 Enbrel Etenercept Rheumatoid Arthritis Amgen/Wyeth/Takeda

6 Remicade Infliximab Rheumatoid Arthritis J&J/SP/Tanabe-Mitsubishi

7 Diovan Valsartan hyper tension/ARB Novartis/Ipsen

8 Nexium Esomeprazole anti-ulcer/PPI AstraZeneca

9 Epogen/Espo Epoetin alfa renal anemia Amgen/J&J/Kirin

10 Avastin Bevacizumab cancer/colon,breast Genentech/Roche
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Fig.1 Mouse, Chimeric, Humanized, Human Antibody.
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Fig.2 Structure of IgGl. Fab and Fc are generated by
papain digestion.
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Figd Time course of visual appearance of MAb A
solution at 107.22 mg mL ~! in low ionic strength
buffer of 5 mM sodium phosphate, 10 mM sodium
chloride, 5 % sucrose, pH 5.5 at ambient
temperature after a: 0 min, b: 5 min, c¢: 20 min,
d: 2 days.”
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Fig.4 Phase diagram of MAb A solution at 5 mM
(&), 10 mM (), 20 mM () and 40 mM (O)
of sodium chloride in 5 mM sodium phosphate,
5 % sucrose, pH 5.5.9
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Fig.5 Typical DSC curve of IgG1 (pH 5).
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Fig.6 Temperature dependences of molar partial heat

capacity of Fc fragment of human IgG1 at pH
3.8 with 10 mM glycine buffer (solid line) and
at pH 4.6 with 10 mM acetate buffer (dashed
line).'D
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Fig.7 Scheme of interdomain interactions in the Fc

fragment in acidic and neutral pH. Line density
corresponds to the intensity of interactions.'D
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Fig.8 DSC data for the thermal denaturation of (A)

fully galactosylated (G2) I1gG4-Fc and (B) the
deglycosylated 1gG4-Fc in phosphate buffered
saline at pH 7.4. The data are baseline corrected.
Inset: the thermograms before deconvolution.!?
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Deconvoluted thermograms of native and (a)

deglycosylated, (b) (NGA2)2, (¢) (M3N2), and
(d) (MN2), glycoforms of IgG1-Fc in phosphate
buffered saline. In each thermogram the solid
line represents the profile of native IgG-Fc.
The data were baseline corrected.'® NGA2: non
galactosylated biantennary oligosaccharide; Asn-
(GleNAc)2(Man)3(GlcNAc)2, M3N: Trimannosyl
core with chitobiose; Asn-(GlcNAc)2(Man)s,
MN2: Mono mannose with chitobiose; Asn-
(GlcNAc),-Man.
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Fig.10 Thermal unfolding curves of four human(ized)
IgG1 antibodies in 20 mM sodium citrate, 150
mM NaCl buffer at pH 6.0. Note, the unfolding
transitions of CH2 and CH3 domains for all IgG1
constructs are identical while the Fab unfolding
transitions are highly variable.'¥
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Fig.11 DSC curves representing the four human IgG
subclasses in 20 mM sodium citrate, 150 mM
NaCl buffer at pH 6.0. A single line is drawn
through the Fab unfolding transitions of each
1gG.'»
SNz,

—7J7, Tonescu H1%, Hft (XN 2r1) OFAFEHUA Mrk)
WZmz, EfgEhcwb2o08ik O\—t7F Y RUT
INAF V) \ZDWT, Fab DSHURERoB eI RIS
FEEMGREL 72,19 26 3 DTGl PifkiZsERz 2
W BPARTH %o 3D 1gG1 HifkD Fab J UFFe ®DSC
BRI Fig 12 (IR L7280 T, Fe OEAERRHA
FTNOPUR LA —EL L TWBDIIxF LT, Fab TIEEH
KCTaWIKREL BB DERE o720 BB, ILRBLES
TEHOHRD SE L 72 Fe I2BWT, Ta b T RA -
TWBA, ZEF1E, WEEOY — VBRI c R 72
HDTHDHEHEN L TWDE, HW1gGl ko 5, N—+
TF U ROETNAF AL, F—DT7L—20T7—=2%KFLT
WVLIZHMDHT, FabOTmASKE L R D012, 7
L— LT — 7 H35% B Mrk URD Fab 25—t 7F » L [H
EDOTm xR LT2e N=tTF U ROETNAF VIS
NTVDETL—LT = PROEER FAAL Y THEDIT
L, MikFUED 7 L — L7 = 7 IO ANLER K AL~
ThHbHIENDS, 10 7L — 07— OfEM, Fab D%
EMEICRITTREZ, M EWT E2TRIE S N7z,
AT, AL EEED 7 L— 207 — 27 FFOMk Pk
PEWEEMEZR LI 25, CDR DEHIAVH L
VL FA 4 Y BHO%E, F721%, VH KO VL OMEE
MHEANLEELIES LT A IR vRIB E Nz, 2
DR TRENIN—ETF v & TINAF ¥ DLEEEDE
WOERIZOWTIE, ARG END KA AL~ oM
HAECRT 5B TS B R L b L2 bD,

4. SHEOFE
INETRANTEL LI IL, PUAEEOWI 2 EmF

14

80

(A)

AC, / kcal mol-' K !

AC, / kcal mol"' K !

Fig.12 Temperature-induced unfolding of (A) Fab
fragments of IgG
monoclonal antibodies: Mrk (solid line), Herceptin
(dotted line), Avastin (dashed line).!>

and (B) Fc fragments
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