wo 2015/107444 A1 |JIN I 0F 0000 YR O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/107444 A1

23 July 2015 (23.07.2015) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
GOIN 33/53 (2006.01) GOIN 33/541 (2006.01) kind of national protection available): AE, AG, AL, AM,
21) International Apolication Number- AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA. CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
PCT/IB2015/050212 DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
12 January 2015 (12.01.2015) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
. MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: . o
179/CHE/2014 15 January 2014 (15012014) N (84) De51gnated States (unless otherwise zndlcated, fO}" every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: DR.REDDYS LABORATORIES LIMITED GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
[IN/IN]; Intellectual Property Management, Biologics De- TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
velopment Center, Dr. Reddy's Laboratories Limited, Sur- TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
vey Nos. 47, Bachupalli, Qutubullapur, RR District, Hy- DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
derabad 500 090 Telangana (IN). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(72) Tnventors: MEDISETTY, Rajesh; Flaté 305, SVRS SM, TR), OAPL (BF, BJ, CF, CG, CL CM, GA, GN, GQ,
Swabhiman Apartments, Road#9 Venkateswara Colony, GW, KM, ML, MR, NE, SN, TD, TG).
Saroor Nagar, Hyderabad 500 035 (IN). VENUGOPAL, Puyblished:

Palanati; Palanati Clinic, H.No.: 2-25, Raje Street, OWK
(Mandal), Kurnool (Dist), Hyderabad 518 122, Andhra
Pradesh (IN). CHOUHAN, Vishaldeep; 6/2/97-100,Flat
No-203, A-Block, M.N.K Vittal Court, New Bhoiguda,
Secunderabad, Hyderabad 500 008 Andhra Pradesh (IN).

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: IN-VITRO ASSAY FOR THE ASSESSMENT OF POST TRANSLATIONALLY MODIFIED PROTEIN ISOFORMS

2 gl

E O Galactosylated antibody }/
A

@] O | Degalactasylated antibody /

=

E A

2 /

S2

=

o

1

S

2 /

4 ’/ﬁ/

2 ,

> -—?"/

0 L

o
(=)
g

01

1

10 100

Concentration of anti-CD20 antibody pg/ml

Figure 1

(57) Abstract: The present invention discloses an in-vitro bioassay for distinguishing post translationally modified isoforms of a
protein. In particular, the present invention discloses an in-vitro method for distinguishing post translationally modified isoforms of
an antibody by Clq based ELISA involving a metal ion chelator.
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IN-VITRO ASSAY FOR THE ASSESSMENT OF POST
TRANSLATIONALLY MODIFIED PROTEIN ISOFORMS

RELATED APPLICATION

This application is related to and takes priority from Indian Provisional
Application 179/CHE/2014 filed 15" January, 2014 and is herein incorporated in its

entirety.

BACKGROUND OF INVENTION

Protein-protein interactions form the mainstay of vital biological processes
like signal transduction, ligand receptor interaction, immune response etc. Often,
such interactions are aided by post translational modifications (PTM) of proteins
which involve attachment of functional groups, such as methyl, lipoyl, sulfate,
phosphate and glycosyl to selected sites of a newly synthesized protein. These
groups impart physico-chemical properties essential for protein-protein
interactions, macromolecular targeting, protein folding and solubility, and other

vital cellular function.

However, recombinant proteins, in particular immunoglobulins, are often
expressed as different isoforms due to differential PTM. For instance,
immunoglobulins are glycosylated to varied extent in the Fc region giving rise to
different glycoforms. Such PTM variations influence the binding of
immunoglobulin to its downstream effectors - Fc receptor or a complement
protein. Studies have demonstrated that galactosylated glycoforms facilitate better
binding of the immunoglobulins to the complement protein, Clq. On the other
hand, glycovariants of immunoglobulins that lack galactose exhibit a diminished
affinity to C1q. A diminished binding to Clq can lead to diminished complement

mediated cytotoxicity exhibited by the immunoglobulin.
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In other words, differences in PTM resulting in different glycoforms can
differentially influence the outcome of a therapeutic protein preparation and may

severely impact the therapeutic efficacy of the preparation.

Thus, assessment of such modifications by a functional ligand-receptor
assay 1s important. In a physiological system, low-affinity protein-protein
interactions are characterized by fast binding kinetics and are rapidly reversible.
These interactions often involve co-factors such as a ‘metal ion’ to aid the
interaction and its subsequent binding affinity and kinetics. Roumenina et al.
demonstrated that sequestering calcium by adding metal ion chelators like EDTA
diminishes the binding affinity between the immunoglobulin and C1q (Roumenina

et. al., Biochemistry 2005, volume 44, pages 14097-14109).

Our studies revealed that standard ELISA based in-vitro ligand binding
assays employed to assess metal ion aided protein-protein interactions, does not
distinguish PTM isoforms in the protein, since the metal ion stabilized target
protein is bound indiscriminately by the different PTM isoforms of the interacting
protein. In the present invention, significant differences between the relative
binding affinities of the PTM isoforms to the metal-ion-stabilized target protein
1.e., Clqg, is obtained by suppressing the role of metal ion using a metal ion
chelator. In other words, in the absence of the metal ion, the binding affinity of the
glycosylated isoforms of the protein to its target protein was seen to be relatively

higher than that of the less or non-glycosylated isoforms.

Thus, the objective of the invention is to distinguish the PTM isoforms by
monitoring the substantial difference in the relative binding affinities of the PTM
isoforms to its target protein, wherein such difference is achieved by addition of a
metal ion chelator to metal ion mediated protein-protein interactions. The
proposed invention is a simple and an inexpensive assay methodology to

distinguish and quantify different PTM isoforms present in a mixture of protein.
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BRIEF DESCRIPTION OF DRAWINGS
Figure 1: Depicts the C1q binding assay performed without EDTA

Figure 2: Depicts the Clq binding assay in the presence of 20 mM EDTA
on anti-CD20 antibody sample 1

Figure 3: Depicts the C1q binding assay in the presence of 20 mM EDTA
on anti-CD20 antibody sample 2

SUMMARY OF THE INVENTION

The present invention discloses a method to distinguish post-
translationally modified isoforms in a protein by a ligand-binding assay. The
method involves the addition of a metal ion chelator to a protein-protein
interaction whose interaction is facilitated by a metal ion. The said addition of the
metal ion chelator suppressed the effect of the metal ion such that differential

post-translational modifications in a protein could be distinguished and quantified.

In particular, the method distinguishes and quantifies differentially post-

translated isoforms of a C1lq binding protein or an antibody.

The method, as described above in the present invention is a functional

assay that directly indicates the activity of a protein or an antibody.

DESCRIPTION OF THE INVENTION

Various embodiments of the disclosed invention provide a method of a
ligand-binding assay to distinguish PTM isoforms of a protein, wherein the
method involves the addition of a metal ion chelator. The assay is sensitive in
distinguishing and quantifying different PTM isoforms of a protein, in particular

of an antibody, and in addition serves as a functional assay assessing the impact of
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differential isoforms on the complement dependent cytotoxic activity of the

antibody.

In an embodiment, the claimed invention discloses a ligand-binding assay
to distinguish different PTM isoforms of a protein, wherein a metal ion chelator is
added to the assay and wherein the said addition of the chelator results in a
difference in the relative binding affinities of the PTM isoforms to its target

protein.
In another embodiment, the target protein is a complement protein, Clq.

In an embodiment, the claimed invention discloses a ligand-binding assay
to distinguish different PTM isoforms of a Clq binding protein, wherein a metal
ion chelator is added to the assay and wherein the said addition of the chelator
results in a difference in the relative binding affinities of the PTM isoforms to the

Clq protein.

In an embodiment, the invention discloses a method for distinguishing

differentially galactosylated antibody isoforms in a sample, comprising steps of;

a) adding a buffer comprising C1q and a metal ion chelator to the sample
b) incubating the said sample with the buffer of step a) and,
c) assaying the binding of C1q to the antibody in the sample,

wherein, the differential galactosylations of antibodies in the sample is reflected in

the differential binding of Clq to the antibodies.

In an embodiment, the invention discloses a method for distinguishing
differentially galactosylated antibody isoforms in an antibody mixture, comprising

steps of;

a) adding a buffer comprising Clq and a metal ion chelator to the antibody
mixture
b) incubating the said mixture with the buffer of step a) and,

c) assaying the binding of Clq to the antibody mixture,



WO 2015/107444 PCT/IB2015/050212

10

15

20

25

wherein, the differential galactosylations of antibodies in the mixture is reflected

in the differential binding of C1q to the antibodies.
In another embodiment, the antibody is an anti-CD20 antibody.

In another embodiment, the metal ion chelator is ethylene diamine tetra

acetic acid (EDTA).

The said inventive method of addition of a metal ion chelator to a ligand-
binding assay, to suppress the effect of a metal ion and decrease the original
affinity of the protein protein interaction, resulting in distinguishing different
PTM isoforms of a protein, may be performed in any low affinity protein-protein

interaction (K4 > 1 uM) whose interaction is facilitated by a metal ion.

A metal ion chelator mentioned in the embodiments refers to a compound
which sequesters or complexes a metal ion or reduces its effect in a system.
Commercially available chelators include, but are not limited to compounds such
as EDTA, Ethylene glycol tetra acetic acid (EGTA), Humic acid or Fulvic acid, or

functional derivatives thereof.

The term “post translationally modified (PTM) isoforms” as used herein
refers to a protein composition having varied isoforms as a result of differential

post translational modifications.

Clq is a complement protein and the term “Clq binding protein” refers to

a protein interacting with Clq.

The invention is more fully understood by reference to the following
examples. These examples should not, however, be construed as limiting the

scope of the invention.
EXAMPLE 1

An anti-CD20 antibody was cloned and expressed in a CHO cell line as
described in U.S. Patent No. 7,381,560, which is incorporated herein by reference.

The cell culture broth containing the expressed antibody was purified using
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combination of affinity and ion exchange chromatography and purified samples
containing anti-CD20 antibody and/or isoforms of anti-CD20 antibody were

obtained.

Two different samples of recombinant anti-CD20 antibody were taken and
a complement, Clq, based ELISA was performed on galactosylated and
completely degalactosylated isoforms. Degalactosylated immunoglobulins were
obtained by treating them with degalactosidase enzyme (QA-Bio) and incubating

at 37 °C for 4 h.

Immunoglobulins in 1X phosphate buffered saline (PBS), pH 7.4, were
coated to the 96 wells ELISA plate in varying amount at 37 °C with shaking at
300 rpm. Subsequently, the plate was washed with PBS containing 0.05 % tween
(Sigma Aldrich) (PBST) and the nonspecific sites were blocked using skimmed
milk powder in 1XPBS at RT for 2 h. This was again followed by a washing step
with 0.05 % PBST. Human Clq protein (Sigma life sciences), diluted in 1XPBS,
was added to each of the wells and incubated at 25 °C for 1 h. with shaking at 300
rpm. The wells were again washed with 0.05 % PBST and the detection was done
by adding Sheep anti-C1q polyclonal antibody (Abcam) tagged with horseradish
peroxidase HRP and incubating at 25 °C for 1 h with shaking at 300rpm followed
by a washing step. The substrate, 3, 3', 5, 5'-Tetramethylbenzidine (TMB)
(Surmodics), was added to the wells and the plate was incubated at RT for 15
minutes in dark.  The reaction was stopped by adding TMB stop solution
(Surmodics) to each well and the absorbance of the color developed was recorded
using ELISA plate reader (Molecular Devices) at 450 nm. The mean absorbance
of each well was plotted against the respective antibody concentration on a semi

log scale.
EXAMPLE 2

For the detection of differentially galactosylated immunoglobulins, the

assay was performed using the procedure as described in Example 1 except that,
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Clq was diluted in a buffer containing 20 mM EDTA. Percent relative potency of

the galactosylated and degalactosylated samples were computed and compared.
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CLAIMS:
We Claim:

1. A ligand binding assay for differential binding interactions of a ligand
with a target protein, wherein the said ligand and the target protein differentially
interacts in the presence of a chelator.

2. The ligand binding assay as per claim 1, wherein the target protein is an Fc
containing protein and the ligand is an Fc binding protein.

3. The ligand binding assay as per claim 1, wherein the ligand is complement
protein C1Q.

4. The ligand binding assay as per claim 1, wherein the chelator is a metal
ion chelator.

5. A ligand binding assay for differential binding interactions of a ligand
with a target protein, wherein the ligand binds differentially to different isoforms
of a target protein in presence of a chelator.

6. The method as per claim 5, wherein the isoforms of the target proteins are
post translational modifications.

7. The method as per claim 5, wherein the isoforms of the target proteins are
glycosylated isoforms.

8. The method as per claim 5, wherein the chelator is a metal ion chelator.

9. A ligand binding assay for distinguishing differentially galactosylated
antibody isoforms in a sample comprising steps of

a. adding a buffer comprising Clq and a metal ion chelator to the
sample
b. incubating the said sample with the buffer of step a) and

c. assaying the binding of Clq to the antibody in the sample.
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