Available online at www.sciencedirect.com

S(HENCE@DIRECT’ JOURNALOF
CHROMATOGRAPHY A

e
ELSEVIER Journal of Chromatography A, 1050 (2004) 211-216
www.elsevier.com/locate/chroma

Profiling analysis of oligosaccharides in antibody pharmaceuticals by
capillary electrophoresis

Satoru Kamod&?, Chie Nomur&, Mitsuhiro Kinoshit&, Saori Nishiurg, Rika Ishikawd,
Kazuaki KakeHt*, Nana KawasaR| Takao Hayakawh
a Faculty of Pharmaceutical Sciences, Kinki University, Kowakae 3-4-1, Higashi-Osaka 577-8502, Japan
b KIRIN BREWRY Co., Ltd., Hagiwara-machi 100-1, Takasaki 370-0013, Japan

¢ Kinki University Nara Hospital, Otoda-cho 1248-1, Ikoma 630-0293, Japan
d National Institute of Health Sciences, Kamiyoga 1-18-1, Setagaya-ku 158-8501, Japan

Received 24 May 2004; received in revised form 20 July 2004; accepted 17 August 2004

Abstract

Carbohydrate chains in glycoprotein pharmaceuticals have important roles for the expression of their biological activities. Therefore,
development of an assessment method for the carbohydrate chains is animportant parameter for quality control of glycoprotein pharmaceuticals
such as newly developed therapeutic antibodies. In this report, we applied capillary electrophoresis with laser-induced fluorescence detection
to the analysis of carbohydrate chains after releasing with glycoamidase followed by derivatization with 3-aminobenzoic acid. We found
that four major oligosaccharides present in antibody pharmaceuticals were successfully separated with good resolution. The present method
showed good precision in both migration times and relative peak areas, and gave comparable accuracy with that using a derivatization method
with 8-aminopyrene-1,3,6-trisulfonate.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction life-threatening diseases. Some therapeutic monoclonal an-
tibodies have been approved, and over one hundred mono-
Carbohydrate chains in glycoprotein pharmaceuticals clonal antibodies has been under on-going clinical trials, and
have important roles for the expression of their biological the total income generated from these therapeutic antibodies
functions such as bioactivity and pharmacokinetic charac- is predicted to rise to US$ 10-2010° by 2010[3].
teristics. For example, recombinant human erythropoietin  Relationship between biological functions and oligosac-
(rhEPO) produced in Chinese hamster ovary (CHO) cells charides of antibody pharmaceuticals has been extensively
contains a variable number of sialic acid residues on the non-studied. Kumpel et a[4,5] reported that lactosamine struc-
reducing terminals of the oligosaccharide chains, and its bio- ture (i.e. presence of galactose (Gal) residues in the non-
logical activity obviously depends on the sialic acid contents reducing terminals) affect antibody-dependent cellular
[1,2]. Furthermore, increase in the number of carbohydrate- cytotoxicity (ADCC), which is a major function of
attaching sites causes the increase of half-life in blood. some therapeutic antibodies. Presence of bisechihg
Recombinant immunoglobulins are emerging as powerful acetylglucosamine (GIcNAc) also has been reported to im-
pharmaceuticals for therapeutic use to treat cancer and otheprove ADCC]6,7]. Furthermore, recentreports indicated that
the absence of fucose (Fuc) residue at the innermost Glc-
* Corresponding author. Tel.: +81 6 6721 2332; fax: +81 6 67212353, VAC Of reducing ends showed more obvious ADCC than
E-mail addressk_kakehi@phar.kindai.ac.jp (K. Kakehi). that caused by the presence of bisecting GIc\&\8].
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Conditions for industrial production of glycoprotein phar- Hospital. The solutions of antibody pharmaceuticals were
maceuticals are quite important to maintain the consistencydialyzed against distilled water for 3 days with chang-
of carbohydrate chairfd0,11] Therefore, assessment stud- ing water several times at°€ using cellulose membrane
ies of oligosaccharides in glycoprotein pharmaceuticals aretubing (Sanko-junyaku, Tokyo, Japan), and then freeze-
crucial for their quality assurance. Regulatory agencies havedried.
increasingly required determining the oligosaccharide distri-
butions in quantitative base. 2.2. Releasing of N-linked oligosaccharides from

Many methods have been developed for characterizing antibody pharmaceuticals
oligosaccharides with good resolution and high sensitivity
using various separation techniques such as high-pH anion- A freeze-dried antibody pharmaceutical sample (1 mg)
exchange chromatography with pulsed amperometric detec-was dissolved in 20 mM phosphate buffer (pH 7.0,u50
tion (HPAEC—-PAD)[12] and high-performance liquid chro- in a sample tube (1.5 ml) followed by addition of PNGase
matography (HPLC) after derivatization with fluorogenic F (Lunit, 2ul). The digestion was carried out at 3C
reagent$13—15] Recent advances in capillary electrophore- overnight, and the reaction mixture was boiled for 5 min and
sis with laser-induced fluorescence detection (CE-LIF) have centrifuged (10000« g for 10 min). The supernatant was
provided a rapid, high resolution, and high sensitivity analy- dried by centrifugal vacuum evaporator (SpeedVac, Savant,
sis of the mixture of fluorescent-labeled oligosaccharides. Farmingdale, NY, USA).

The CE-LIF method for oligosaccharide analysis using

8-aminopyrene-1,3,6-trisulfonate (APTS) has been widely 2.3. Fluorescent derivatization of oligosaccharides
employed due to rapidity of analysis and high sensitiv- with APTS

ity [16—21] Recently, we developed a CE-LIF method for

oligosaccharide analysis using 3-aminobenzoic acid (3-AA)  Fluorescent labeling of the oligosaccharides was per-
as labeling reagent, and revealed the usefulness when deformed according to the previously reported procedig.
tected by a helium—cadmium (He—Cd) laser-induced fluores- Briefly, the enzyme reaction mixture obtained as described
cent detectof22]. above was dissolved in 100mM APTS solution in 15%

In this report, we applied a combination of 3-AA labeling acetic acid (2ul). Then freshly prepared solution of 1M
method and CE-LIF to the oligosaccharide mapping of com- NaBHzCN in tetrahydrofuran (@l) was added, and the mix-
mercial therapeutic antibody pharmaceuticals: a chimeric ture was overlaid with mineral oil (1Q0l) to prevent evap-
monoclonal antibody for treating non-Hodgkin’s lymphoma oration of the reaction solvent. The derivatization was car-
(rituximab) and a humanized monoclonal antibody for ried out at 55C for 90 min. The reaction mixture was di-
treating metastatic breast cancer (trastuzumab), and comdiuted with water (10Gl), and the aqueous layer was ap-
pared 3-AA derivatization method with APTS derivatization plied on a column of Sephadex G-25 (30cmlcm i.d.)
method. equilibrated with water. The earlier eluted yellowish frac-

tions including fluorescent-labeled oligosaccharides [excita-
tion (Ex.) 488 nm, emission (Em.) 520 nm] were pooled and

2. Experimental evaporated to dryness. The residue was dissolved inlLO0
of water and a portion was used for the analysis by capillary
2.1. Materials electrophoresis.

PeptideN-glycoamidase (PNGase F; EC 3.2.2.18, recom- 2.4. Fluorescent derivatization of oligosaccharides
binant) was obtained from Roche Diagnostics (Mannheim, with 3-AA
Germany). 8-Aminopyrene-1,3,6-trisulfonate was obtained
from Beckman-Coulter (Tokyo, Japan). It should be noted  Procedures for derivatization of oligosaccharides with
that APTS often contains isomers to which sulfonic acid 3-AA were similar to those described in the previous
residues are attached in different positions. 3-Aminobenzoic report [22]. To the enzyme reaction mixture, a solution
acid was obtained from Tokyo Kasei (Tokyo, Japan) and (30ul) of 0.7 M 3-AA in DMSO-acetic acid (7:3, v/v) and
used without further purification. Sodium cyanoborohydride freshly prepared solution (30) of 2M NaBH3CN in the
was obtained from Aldrich (Milwaukee, WI, USA). DB- same solvent were added. The derivatization was carried
1 capillary was obtained from J&W Scientific (Folsom, out at 50°C for 60 min, and water (14@l) was added to
CA, USA). Dimethyl sulfoxide (DMSO) and polyethylene the mixture. The reaction mixture was applied on a col-
glycol (PEG70000, average molecular mass 70 000) wereumn of Sephadex LH-20 (30cm 1cm i.d.) equilibrated
from Wako (Tokyo, Japan). Sephadex G-25 and Sephadexwith aqueous 50% (v/v) methanol. The earlier eluted fluo-
LH-20 were purchased from Amersham Bioscience (Pis- rescent fractions (Ex. 305 nm, Em. 405 nm) were pooled and
cataway, NJ, USA). Therapeutic antibody products, rit- evaporated to dryness. The residue was dissolved in water
uximab and trastuzumab, were collected from the vials (100ul) and a portion was used for the analysis by capillary
immediately after clinical use in Kinki University Nara electrophoresis.
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2.5. Capillary electrophoresis of APTS labeled

GleNAcB1-2Manal\g Fucal\

OligosaCCharideS 1 GlcNACBLZM{mU‘]/}ManBl-4GlcNAcBl-4GlcNAc
Capillary elect.rophoresis was performed on a R/ACE GalB1-4GIcNACB1-2Manodg  Fucal\g
MDQ glycoprotein system (Beckman-Coulter) equipped 2 GleNACB1-2Mancr] /3 MATB1-4GINACB1-4GleNA
with an argon-laser induced fluorescence detector (Ex.
488 nm, Em. 520 nm). Separations were performed using a 5 GIeNACB1-2Manal\q Fucal\g
DB-1 capillary (50um i.d., 20 cm effective length, 30 cm to- GalB1-4GIcNACB1-2Mang1 /3 MW 1-4CINACB1-4GleNAc
tal length) in 50 mM Tris—acetate buffer (pH 7.0) containing
0, i i alB1-4Glc R n Fucal\
Q.5 % PEG70000 as the running buffer. Sample solutions were 4  CalBl-4GIeNACB1-2Ma al\gManBl-4GlcNAcB1—4GlcNAc
introduced to the capillary by pressure method (0.5 p.s.i. for Galp1-4GleNAcB1-IManorl/
5s;1p.s.i. =6894.76 Pa). Analysis was performed by apply- _ <t of the maior ol harides in rituximab
ing 18KV at 25°C. Fig. 1. List of the major oligosaccharides in rituximab.
2.6. Capillary electrophoresis of 3-AA labeled analysis of oligosaccharides derived from rituximab and
oligosaccharides trastuzumab. A small amount of oligosaccharides (less

than 3%) were observed in trastuzumab at earlier mi-

Capillary electrophoresis was performed on the same ap-gration times (5.2 min—9.3 min). Matrix-assisted laser des-
paratus as described above, but a helium—cadmium laser in-orption/deionization time-of-flight mass (MALDI-TOF/MS)
duced fluorescence detector (Ex. 325 nm, Em. 405 nm) wasanalysis clearly showed that these minor oligosaccharides
installed to the apparatus. Separations were performed usingvere the oligosaccharidé lacking a GIcNAc residue,
a DB-1 capillary (10Qum i.d., 20 cm effective length, 30cm  oligosaccharides?( 3 and4) that haveN-acetylneuraminic
total length) in 100 mM Tris—borate buffer (pH 8.3) contain- acid residues (data not shown). The oligosaccharide map
ing 10% PEG70000 as the running buffer. Sample solutions of trastuzumab after derivatization with APTS is shown in
were introduced to the capillary by pressure method (1 p.s.i. Fig. 2a.
for 10 s). Analysis was performed by applying 25 kV at25 Because electroosmotic flow was negligible in the present

We also used a longer capillary (1Qfn i.d., 70 cm effec- analytical conditions using a capillary (DB-1) of which
tive length, 80 cm total length) to achieve better resolution at surface is chemically modified with dimethylpolysiloxane,
30kV. The sample solution was introduced at 1 p.s.i. for 40 s.
Other conditions were the same as described when a 30 cm
capillary was used.

3. Results and discussion

3.1. Oligosaccharides in antibody pharmaceuticals, | i | | : :
trastuzumab and rituximab 0 1 2 3 4 5 6 7

(a) Migration time (min)

Oligosaccharides derived from some immunoglobulins
have been investigated by capillary electrophoresis after re-
leasing carbohydrate chains with PNGase F followed by la-
beling with APTS[18,19] List of the major oligosaccha-
rides in rituximab (an antibody drug for treatment of non-
Hodgkin’s lymphoma) is shown iRig. 1 [18]

As reported previously, rituximab contains four major , : / | ,
oligosaccharides. All oligosaccharides have a Fuc residue in 0 2 4 6 8 10 12
the innermost GIcNAc residue. The most abundant oligosac- (b) Migration time (min)

charide ( in Fig. 1) lacks both Gal residues in the non- _ _ _
Fig. 2. Oligosaccharide maps of trastuzumab by capillary electrophore-

reducing ends of the diantennary chain. The Ollg()SaCCha”dessis. (a) Oligosaccharides derivatized with APTS, (b) oligosaccharides

2and3 are the positional isomers. The oligosacchadithes derivatized with 3-AA. Analytical conditions: (a) capillary, DB-1 (pfn
a Gal residue attached to the Méanr6Man branch and@ has i.d., 20cm effective length, 30 cm total length); running buffer, 50 mM
a Gal residue at the Mari-3Man branch. A small amount  Tris—acetate buffer (pH 7.0) containing 0.5% PEG70000; injection, pres-

of the oligosaccharidé having lactosamine residues at both Sure method (0.5p.s.i. for 5 s); applied voltage, 18 kV at@5(b) Capil-

b hes is also present lary, DB-1 (lOQ.Lm i.d., 20 cm effective length, 30‘cr‘n total length); running
ranchesis a p N . . buffer, 100 mM Tris—borate buffer (pH 8.3) containing 10% PEG70000; in-

We could easily confirm the oligosaccharide structures jection, pressure method (1.0 p.s.i. for 10's); applied voltage, 25 kv 25

of trastuzumab by comparing electropherograms after Structures of peak—4 are shown irFig. 1
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Table 1
Precision of electrophoresis in migration times and relative corrected peak
areas in APTS derivatization method

Relative corrected
peak area (%)

2 Injection  Migration time (min)

1 2 3 4 1 2 3 4
I ] ] 1 441 471 480 5.12 68 269 79 36
0 ) 2 443 473 483 514 6D 276 8.1 35
////// 3 443 474 483 5.15 5 285 85 36
4 443 474 484 5.16 58 288 8.7 39
5 444 475 485 5.16 58 290 88 40
6 444 475 485 5.17 58 288 8.7 41
Mean 443 474 483 5.15 3 283 85 38
SD 0.01 0.02 0.02 0.02 4 08 03 02
RSD(%) 02 03 04 03 2 29 43 6.6

T Single preparation from trastuzumab was injected six tihe$as inFig. 1

70 75

Migration time (min)

Fig. 3. Oligosaccharide map of 3-AA labeled oligosaccharides using a

Relative corrected peak areas were calculated as follows: corrected peak
area = measured peak area/migration time, relative corrected peak area =
corrected peak area/total corrected peak ard®0.

longer capillary (70 cm effective length). Analytical conditions: capillary,
DB-1 (100pum i.d., 70cm effective length, 80cm total length); running
buffer, 100 mM Tris—borate buffer (pH 8.3) containing 10% PEG70000; in-
jection, pressure method (1.0 p.s.i. for 40 s); applied voltage, 30 kVa 25
Structuresl—4 as inFig. 1

3.2. Repetitive analysis of APTS labeled
oligosaccharides

We evaluated the APTS derivatization method. The con-
tinuous injectionsr{ = 6) were performed from single prepa-
smaller oligosaccharides were observed earlier based ornyation sample. The results suggested that the precision of
their charge/mass ratios. The oligosacchaBtiavinga Gal  migration time was sufficiently high with relative standard
residue at Maa1-3Man branch has a more rigid conforma- deviations (RSDs) below 0.4%4ble J).
tion than that of the oligosacchari@ and possibly has an We also evaluated the precision in relative corrected peak
apparent large molecular sig23]. Thus, oligosaccharidé areas (%). This is an important parameter because these val-
having a Gal residue at Maii-3Man branch was observed yes represent composition of oligosaccharides. The results
later than the oligosacchari@e indicated that precision was sufficiently high with RSD val-
We also analyzed oligosaccharides labeled with 3-AA. yes below 6.6%Table 1.
Because the 3-AA labeled oligosaccharides have negative
charges due to a carboxylic acid residue, these oligosac-
charides were also separated by capillary electrophoresis a8.3. Repetitive analysis of 3-AA labeled
shown inFig. 2b. The resolution betweed and 3 was not oligosaccharides
complete, but the analysis was completed within 12 min. The
results showed basically similar electropherograms to that We also evaluated 3-AA derivatization method. In the
obtained for the analysis of APTS-labeled oligosaccharides same manner as describedTiable 1 continuous six times
(Fig. 2a). 3-AA labeling method has following advantages. injections from single preparation sample were performed.
(1) Highest grade reagent is easily commercially available The results show that the precision of migration time was
or purified by recrystallization with methanol-water. (2) 3- sufficiently high with RSD below 1.9%Téble 3, and the
AA reacts with reducing oligosaccharides in the mildest con- precision of relative peak areas was also sufficiently high
ditions without release of sialic acid residu@®]. This is with the RSD below 6.1%T@able 2.
important for the analysis of oligosaccharides in glycopro- In the analysis, we employed a short capillary used in
teins. (3) 3-AA labeled oligosaccharides can be analyzed by Fig. 2b. Although resolution between pe&and peak3
normal- or reversed-phase HPLT4], which leads the ap-  was incomplete, the ratio showed almost the same values
plications for structural analysis of oligosaccharides. Further- with that observed in APTS methoddble ). These re-
more, labeled oligosaccharides can be stable20°C for sults indicate that 3-AA method has almost equivalent ac-
several months. curacy in relative peak areas with those observed in APTS
In order to obtain sufficient resolution equivalentto APTS method. Thus, we found that APTS and 3-AA derivatiza-
derivatization method, we used a longer capillary (70 cm ef- tion methods showed similar accuracy and precisions both
fective length, 80 cm total length) for the analysis of 3-AA in migration times and relative peak areas. Easy derivati-
labeled oligosaccharides, and successfully obtained good reszation and purity of the derivatization reagent are strong
olution for all oligosaccharides, although longer analysis time point for 3-AA, and rapidness in analysis time is a merit for
(about 90 min) was requiredrig. 3. APTS.
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Table 2 Table 3
Precision of electrophoresis in migration times and relative corrected peak Analysis of oligosaccharides from different lot preparations of therapeutic
areas in 3-AA derivatization method antibodies by 3-AA derivatization method
Injection  Migration time (min) Relative corrected Lot Relative corrected peak areas (%)
peak area (%) —
Rituximab Trastuzumab
1 2 3 4 1 2 3 4

1 9.70 987 999 1015 572 298 8.7 4.4 1 2 3 4 1 2 3 4
2 9.61 988 1000 1023 573 291 9.2 45 a 375 305 155 165 558 263 114 6.5
3 9.85 1012 1025 1049 577 297 82 45 b 434 372 99 95 565 279 105 5.0
4 9.85 1012 1025 1049 575 297 83 46 c 431 364 104 101 537 286 126 51
5 9.93 1020 1033 1058 566 296 9.6 4.2 d 471 360 9.4 75 576 265 108 50
6 9.98 1025 1038 1063 572 295 87 4.6 e 464 358 9.6 81 551 303 92 54

f 421 333 128 118 559 291 103 48
Mean 9.82 1M7 1020 1043 572 296 88 45 g 423 375 104 98
SD 014 016 017 019 04 02 05 0.2
RSD (%) 1.4 15 16 19 07 08 6.1 34 Mean 431 352 111 105 558 281 108 53

SD 32 25 22 30 13 15 11 0.6

Single preparation from trastuzumab was injected six tithe$as inFig. 1 0
Relative corrected peak areas were calculated by the equafiailia 1 RSD (%) 73 71 200 287 24 55 106 117
Structured—4 as inFig. 1 Relative corrected peak areas were calculated by

the equation irable 1

3.4. Lot-to-lot analysis

We applied the 3-AA derivatization method to the lot- experimental procedure. Furthermore, experimental proce-
to-lot analysis of therapeutic antibody pharmaceuticals. We dure includes sample preparation (release of oligosaccharide,
used 7 and 6 lots from rituximab and trastuzumab, re- derivatization and purification) and electrophoresis (injec-
spectively. The electropherograms showed almost the sameion, migration and integration). Latter electrophoresis preci-
electropherograms for all lot preparations as shown in sion is shown aboveSgction 3.3. As for the sample prepa-
Fig. 4 Compositions of oligosaccharides were shown in ration precision, we observed good precision with the RSD
Table 3 of relative peak areas below 3.2% in the experiment of si-

The RSD values of corrected relative peak areas weremultaneous three preparations from the same lot of antibody
below 28.7% in rituximab, and 11.7% in trastuzumab. It and each single injection to CE (data not shown). The RSDs
should be noticed that these values include not only preci- observed in the lot-to-lot analysi¥dble 3 were bigger than
sion of lot production, namely actual variation of oligosac- that of experimental precision, suggesting that the variations
charide composition from lot-to-lot, but also the precision of of oligosaccharide composition observedable 3were de-
rived mainly from the difference of actual oligosaccharide
composition and that the present method could successfully
detected it.

rituximab trastuzumab 1

4. Conclusion
b !

In capillary electrophoresis of carbohydrates in thera-
peutic glycoprotein pharmaceuticals, APTS derivatization
c method is widely used due to its rapid analysis time and high
sensitivity. In the present paper, we applied 3-AA deriva-
d " tization method to the analysis of carbohydrates in thera-
peutic antibody pharmaceuticals and found that this method

had sufficient resolution to characterize the oligosaccharide
¢ composition in antibody pharmaceuticals and almost equiv-

H alent repeatability and accuracy with APTS derivatization

a

method. Although 3-AA method needs longer analysis time

= ! than APTS method, it is noted that CE apparatus is generally
5 6 7 8 9 10 11 125 6 7 8 9 10 11 12 equipped with an auto-sampler.
Migration time (min) Migration time (min) Furthermore, the 3-AA derivatization method has some

. . . . . _advantages; high purity reagent is easily available from
Fig. 4. Oligosaccharide maps from different lot preparations of therapeutic d 3.AA labeled oli harid b
antibodies, rituximab (left) and trastuzumab (right) by 3-AA derivatization any venaors, o- abeled oligosaccharides can be an-

method. Analytical conditions are the same aFign 2b. Structured—4 as alyzed by HPLC and be stable at20°C for several
in Fig. 1 months.
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