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ABSTRACT
The heterogeneity of glycosylation on therapeutic monoclonal antibodies (mAbs) may affect the safety 
and efficacy of these agents. In particular, glycans of nonhuman origin, such as galactose-alpha-1,3-galac-
tose (gal-α-gal) and N-glycolylneuraminic acid (NGNA), in the Fc region of therapeutic mAbs produced 
from murine cell lines carry a risk of immunogenicity. Immunogenic glycan structures can have immune- 
mediated clearance, resulting in faster clearance from in vivo circulation than non-immunogenic struc-
tures. To demonstrate the impact of these Fc nonhuman glycans on in vivo clearance, we purified and 
analyzed the glycan profile of a monoclonal antibody (mAb1) from human serum samples collected from 
clinical study participants. We purified mAb1 in a three-step chromatographic separation process (protein 
A, immobilized anti-mAb1 antibody affinity, and weak cation exchange chromatography) and extracted 
and labeled its N-linked oligosaccharide structures with 2-aminobenzamide acid for analysis on ultrahigh- 
performance hydrophilic interaction liquid chromatography. A comparison of the glycan profile of mAb1 
recovered from human serum on the same day and 4 weeks after dosing revealed no significant 
differences, indicating similar clearance of mAb1 with nonhuman gal-α-gal or NGNA glycan in the Fc 
region compared with the human glycans. The relative proportions of the glycans remained similar, and 
all patients who had already received multiple doses of mAb1 over the course of a year were negative for 
antidrug antibodies, suggesting that none of the glycans induced an immune response. Therefore, we 
concluded that mAb1 gal-α-gal and NGNA glycoforms represent a low risk of conferring immunogenicity.
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Introduction

Glycosylation is a common posttranslational modification in 
therapeutic monoclonal antibodies (mAbs), and it contributes 
substantially to the heterogeneity of protein glycans. In ther-
apeutic mAbs, complex-type biantennary glycans are typically 
found when mammalian expression systems are used. 
Glycosylation can occur in the constant crystallizable fragment 
(Fc) region or in the variable antigen-binding fragment (Fab) 
region of mAbs. N-glycans in the Fab region differ from the 
oligosaccharides in the Fc region in that they are generally 
more galactosylated and abundant with sialic acids.1 This het-
erogeneity of glycan structures on therapeutic mAbs may affect 
their pharmacokinetics (PK) and bioactivity.2–12 For example, 
high mannose content has been shown to increase in vivo 
serum clearance of mAbs due to the presence of mannose 
receptors in the human body, which play a critical role in 
binding and removal of mannose-containing molecules.2,3,7,12 

Studies have shown, however, that the heterogeneity of major 
glycans (e.g., G0f, G1f, and G2f) in the Fc region does not seem 
to have a significant impact on serum clearance.1,3

Most therapeutic mAbs are produced from Chinese hamster 
ovary, NS0, or Sp2/0 cell lines.13,14 When mAbs are produced 
from murine cell lines (NS0 and SP2/0), nonhuman glycan 
structures, such as galactose-alpha-1,3-galactose (gal-α-gal) 
and N-glycolylneuraminic acid (NGNA), can contribute to 
the heterogeneity of glycosylation.4,15–17 Nonhuman glycan 

structures have also been observed in CHO cell lines.18 

Theoretically, these nonhuman glycan structures may cause 
immune responses that can affect the in vivo clearance of 
mAbs.15,19–21 Gal-α-gal and NGNA can be present in the Fab 
region or the Fc region or both domains of mAbs. It has been 
reported that gal-α-gal in the Fab region of cetuximab causes 
hypersensitivity reactions to red meat for patients who have 
preexisting immunoglobulin E antibodies against gal-α-gal.17 

In contrast, the impact of gal-α-gal in the Fc region of mAbs 
has been unclear.1,19

Studies on the efficacy and safety of mAbs have often 
reported that immunogenicity can potentially increase 
immune-mediated clearance or adverse effects of these thera-
peutic agents.22–26 In humans, anti–gal-α-gal and anti-NGNA 
antibodies constitute as much as 1% and 0.1–0.2%, respec-
tively, of circulating immunoglobulin G (IgG) and may initiate 
an immune response when gal-α-gal- or NGNA-attached sub-
stances enter the body.1,20,23,27,28 Assessment of antidrug anti-
bodies (ADAs) on drug administration is used to measure the 
level of clinical immunogenicity of mAbs.5,22,29 However, it can 
be difficult to directly measure ADAs against gal-α-gal and 
NGNA because ADAs are only temporally present in serum, 
and so may not be in the range of detection.30 In addition, 
ethical and safety reasons preclude the inclusion of a proper 
control group in immunogenicity-related studies, as this would 
involve exposing individuals known to develop immunogenic 
response to the potentially immunogenic substances. To 
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overcome these challenges, we applied an indirect approach to 
assess the immunogenicity of glycan structures by determina-
tion of in vivo clearance of a mAb with glycan structure 
heterogeneity. We hypothesized that immunogenic glycan 
structures would have an immune-mediated clearance, result-
ing in faster clearance from in vivo circulation than non- 
immunogenic structures. Similar clearance rates are indicative 
of the lack of immunogenic response to glycan structures.

Chen et al. and Goetze et al. demonstrated the effect of Fc 
glycan forms on the clearance of therapeutic IgG antibody in 
humans by affinity purification of IgG1 or IgG2 from serum.2,3 

Their groups achieved more than 90% purity of extracted IgGs 
from sera by using a single purification step, which was suffi-
cient to assess differences in changes for major glycan species 
and high mannose species. However, due to interference from 
glycans originating from serum proteins, low-presenting gly-
cans, such as sialic acids, from mAbs could not be accurately 
quantitated. Alessandri et al. monitored eight glycans of ther-
apeutic mAbs purified from clinical human sera by affinity 
purification and concluded that the oligomannose species 
were cleared faster than fucosylated biantennary oligosacchar-
ide structures.7 They confirmed the recovery of mAb by weak 
cation exchange chromatography (WCX) before analyzing gly-
can profiles by normal-phase high-performance liquid chro-
matography (HPLC).

Here, we report the development of a purification 
method to recover and enrich a proprietary IgG1 therapeu-
tic protein, designated mAb1, from human serum with high 
purity by a multi-chromatographic separation method. This 
procedure enabled us to compare minor glycan species, 
such as gal-α-gal and NGNA, along with the major glycans 
of mAb1. Glycan profiles of mAb1 on ultra-performance 
liquid chromatography (UPLC) with peak identification (a) 
and structures of glycan peaks (b) are shown in Figure 1. 
All glycan peaks were identified using liquid chromatogra-
phy–mass spectrometry analysis and exoglycosidases.

The three-step chromatographic method comprises pro-
tein A separation, anti-mAb1 affinity fractionation, and 
WCX purification in series. The robustness of the method 
was determined by confirming the recovery and purity of 
spiked mAb1 in commercially available human serum. The 
purification method was then applied to 14 clinical serum 
samples collected from seven clinical study participants 
both at d 337 (after the final dose [T0]) and d 365 
(4 weeks after the final dose [TF]). The study participants 
had an autoimmune disease and were administered a high 
dose (several fold higher than therapeutic dose) of mAb1 
by intravenous infusion every 4 weeks for 48 weeks. By 
comparing the glycan heterogeneity of purified mAb1 in 
sera collected at two time points, we were able to 

Figure 1. Glycan profiles of mAb1 by UPLC (a); inset shows enlarged figure. (b) Structures of glycans; asterisks indicate galactose-alpha-1,3-galactose linkages (b). G, 
galactose; GN, N-acetyl-glucosamine; M, mannose; f, fucose; NGc, N-glycolylneuraminic acid.
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determine whether there was any preferential clearance of 
mAb1 with different Fc glycan structures in vivo. Because 
the mAb1 glycans that were tested are present only in the 
Fc region of the antibody, the impact, if any, of glycan 
heterogeneity on serum clearance would most likely be 
due to different glycan structures in the Fc region. The 
method described here may be applicable to efforts to 
compare the glycan profiles by HPLC, whether domain 
specific or global, of mAbs in clinical samples.

Results

Purification method development

A three-step chromatographic column purification scheme 
was developed to extract and enrich mAb1 from the sera of 
patients administered the drug. The purification scheme 
entails the use of a protein A column, followed by an anti- 
mAb1 affinity column, and finally an ion-exchange column 
(Figure 2).

mAb1 purification and glycan profiling

The protein A column captured IgGs in serum, including mAb1, 
and removed non-IgG proteins and other serum components 
from the sample. This step improved binding efficiency by redu-
cing nonspecific binding of serum proteins in the next step, in 
which mAb1 was purified on an anti-mAb1 antibody affinity 
column. The anti-mAb1 affinity column captured mAb1 and 
removed the majority of other IgGs from the protein A column.

The glycan profiles of mAb1 (Figure 3(a)) and serum 
(Figure 3(b)) were compared with that of mAb1 purified 
from serum by a two-step process (protein A and immobilized 
anti-mAb1 antibody column) (Figure 3(c)). Due to nonspecific 
binding of serum proteins onto the immobilized anti-mAb1 
antibody column, noticeable interferences in glycan profile by 
serum glycoproteins were still observed after the two-step 
purification. Hence, an additional purification step was needed.

WCX was added as an additional purification step to remove 
serum glycoproteins before analysis of glycan profiles. WCX has 
been widely used as a protein purification tool because of its high 
specificity for separation of proteins with different surface 
charges. When WCX was implemented, interfering serum gly-
cans were significantly reduced (Figure 3(d)). Arrows in Figure 3 
(c)) indicate the level of interference by serum proteins upon 
analysis of glycans from serum mAb1 purified by the first two 
steps (protein A and anti-mAb1 antibody affinity columns). The 
peak indicated by the asterisk in Figure 3(d) was used to com-
pare the level of interference by glycans from serum proteins. 
This specific peak was not observed in mAb1 glycan profiles but 
was present in serum at levels similar to those of major glycan 
species (G0f, G1f, and G2f) (Figure 3(b)). It was therefore used as 
an indicator of the level of serum glycan interference in the 
glycan profiles of final purified mAb1 products. Figure 3(d)) 
shows that the glycan profile of purified mAb1 was similar to 
that of non-purified mAb1 (Figure 3(a)) after WCX was imple-
mented as a third purification step. Although some sample loss 
was expected during WCX purification, achieving greater purity 
was considered to be more critical than obtaining a higher yield. 
The interfering serum glycan peak at 17.4 minutes (indicated by 
the asterisks in Figure 3(c,d)) was reduced from 13.4% to 2.8% 
after purification by WCX. This result confirmed that the purity 
of mAb1 extracted from serum after three-step chromatographic 
purification was sufficiently high for glycan analysis of mAb1 
with negligible interference by serum-related glycans.

Recovery of mAb1 glycan structures

Recovery of mAb1 glycans following three-step purification
To confirm that the purification process itself did not have an 
impact on mAb1 glycan profiles, we compared the glycan 
profiles of non-purified mAb1 with those of two process con-
trols that were purified by the three-step process (Figure 4). 
The process controls (mAb1 from phosphate-buffered saline 
(PBS buffer (Figure 4(b)) and mAb1 from serum (Figure 4(c)) 
purified by the three-step process) showed the same glycan 
profiles as the non-purified mAb1 control (Figure 4(a)), indi-
cating that the multiple purification steps did not change the Figure 2. Purification scheme for mAb1 from human serum.
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glycan profile. It was also confirmed that interference by gly-
cans from serum proteins was negligible, as shown by the well- 
overlapping profiles in Figure 4(b),c.

Recovery of glycan profile from degraded mAb1
Because the clinical serum samples had been collected at dif-
ferent times (d 337 [T0] and d 365 [TF]), mAb1 collected at TF 
was expected to be more degraded than that collected at T0, 
due to longer exposure to in vivo conditions. Therefore, it was 
important to verify that the three-step purification method 
could equally purify both fresh and degraded mAb1 with 
good recovery of glycan profiles. This was done because, if 
any differences occurred in the binding efficiencies of fresh 
and degraded mAb1 on any of the three columns, the differ-
ences in glycans between T0 mAb1 and TF mAb1 could be 
misattributed to the chromatographic process rather than to 
preferential clearance in serum caused by glycan heterogeneity 
of the product. To verify that there was no difference in the 

binding affinities to the three columns of two differently 
degraded mAb1 substances, we tested mAb1 that was heat 
stressed at either 25℃ or 40℃ for 3 months in formulation 
buffer pH 6.0. The two heat-stressed (degraded) mAb1 were 
then spiked in serum and purified by the three-step purifica-
tion process, and their glycan profiles were compared. The 
differences in peak shapes on WCX (Figure 5(a)) for the two 
heat-stressed mAb1 were primarily due to deamidation, which 
is common during the heat stress of mAbs. Other minor 
modifications contributing to the change of chromatographic 
profiles on WCX include aggregation and fragmentation. An 
in-house study of in-vitro incubation of mAb1 in serum, to 
mimic what happens to mAb1 in vivo, also showed similar 
degradation pathways (data not shown). Because the duration 
of the stress study (3 months) is longer than the exposure of the 
mAb1 to in vivo conditions (4 weeks), the heat-stressed mAb1 
is considered a worse case for assessment of suitability of the 
purification method.

Figure 3. Comparison of UPLC glycan profiles. (a) mAb1; (b) human serum; (c) mAb1 from human serum purified only by protein A and immobilized anti-mAb1 affinity 
columns; (d) mAb1 from human serum purified by protein A, immobilized anti-mAb1 affinity, and WCX columns. Arrows in (c) indicate glycan species present in serum 
proteins, which may interfere with mAb1 glycan profiles. After two-step purification, the interference peaks from serum proteins were not completely removed (c), and 
major glycan species of mAb1 co-eluted with glycans from serum. The peak marked with an asterisk (c, d) showed a specific glycan peak observed only in serum 
glycoproteins and used to confirm purification efficiency. After three-step purification, this major serum glycan interference was significantly reduced (d), and both 
glycan profiles before (a) after (d) were comparable.

Figure 4. Comparison of glycan profiles. (a) mAb1 without purification; (b) mAb1 purified from PBS buffer with three-step purification; and (c) mAb1 purified from serum 
with three-step purification. Overlay of three profiles demonstrated that interference by serum glycoproteins in mAb1 glycan profile was negligible after three-step 
purification.
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When mAb1 stressed at 25℃ or 40℃ was spiked in 
serum and purified by the three-step purification process, 
no significant changes were found in glycan profiles com-
pared with non-purified mAb1 (Figure 5(b), Table 1). It is 
assumed that the structure of degraded mAb1 was suffi-
ciently maintained to interact with protein A and the anti- 
mAb1. In addition, no significant changes in glycan pro-
files were observed for degraded mAb1 from in-house 
stability studies (data not shown). Hence, it was deter-
mined that the three-step purification method can be 
used to test variously degraded materials.

Evaluation of glycan recovery by serum lot-to-lot (matrix)
To evaluate the impact of differences in serum protein compo-
sitions among study participants, we tested two human serum 
lots for purification efficiency. mAb1 was spiked in two 

different commercially available pooled human serum lots 
and processed by three-step purification. When glycan profiles 
were compared with those of non-processed mAb1, no signifi-
cant change was observed (data not shown), indicating that no 
significantly different level of interference by serum glycopro-
teins should be expected during the analysis of patient serum 
samples.

Glycan profiles of mAb1 in clinical samples

After confirming the robustness and specificity of the pur-
ification process for mAb1 from serum, we tested T0 and 
TF serum samples acquired from each of seven patients in 
the clinical study, for a total of 14 serum samples. mAb1 
spiked in PBS and mAb1 spiked in serum were used as 
process controls. Results of in-house enzyme-linked 

Figure 5. Comparison of WCX chromatograms (a) and glycan profiles (b) among non-purified mAb1 and degraded mAb1 stressed at 25℃ or 40℃ for 3 months and 
spiked in and purified from serum.

Table 1. Glycan analysis of degraded mAb1.

Samples

Major glycans Gal-α-Gal NGNA

M5G0f

G1f 
(alpha 

1,6)

G1f 
(alpha 

1,3) G2f

G1f- 
GN 
+G

G1f 
+G 
(b)

G1f 
+G 
(a)

G2f 
+G(a)

G2f 
+2 G

G2f+G(b) co- 
eluted with 
G1f+NGc(a)

G2f 
+G 

+ NGc

G1f+NGc(a) 
co-eluted with 

G2f+G(b)

G1f- 
GN 

+NGc
G1f 

+NGc(b)
G2f 

+NGc

G2f 
+G 

+ NGc
G2f 

+2NGc

Non- 
purified 
mAb1

26.8 30.4 9.3 12.0 0.7 1.1 0.4 1.8 1.5 1.9 1.2 1.9 1.0 0.4 1.8 1.2 0.0 1.1

Stressed at 
25℃

27.3 29.7 9.2 12.1 0.6 0.9 0.1 1.7 1.1 2.0 1.1 2.0 1.1 0.5 2.0 1.1 0.1 1.0

Stressed at 
40℃

28.9 31.1 9.6 12.6 0.6 0.9 0.2 1.5 1.0 1.5 0.7 1.5 0.9 0.4 1.4 0.7 0.0 1.0
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immunosorbent assay to measure mAb1 concentrations at 
both time points were used to determine the amount of 
serum to be purified for 100 µg of mAb1 (data not shown). 
All 14 clinical serum samples and the process controls, as 
well as non-purified mAb1, were processed in single batch 
by the three-step purification method followed by glycan 
analysis. The amount of recovered mAb1 after three-step 
purification is shown in Table 2.

Overlaid oligosaccharide profiles of the first patient serum 
samples are shown in Figure 6. No significant changes were 
observed in oligosaccharide profiles of TF mAb1 compared 
with the T0 sample. The overlap of the profiles indicates that 
there was no difference in clearance of mAb1 with different 
oligosaccharide structures.

A comparison of the major glycans among all tested samples 
from seven patients is shown in Figure 7 and Table 3. The 
results indicate that mAb1 containing major oligosaccharides 
(G0f, G1f, and G2f) had similar clearance in serum, which is 
consistent with previously reported data.1,3 Differences in gly-
can structures between patients are due to use of different 
batches of mAb1.

Figure 8 and Table 3 show the levels of the mAb1 
containing nonhuman oligosaccharide structures (gal-α-gal 
and NGNA). The levels were generally similar for T0 and 
TF. Although the data may appear to show a slight decrease 
in glycan levels between T0 and TF for some patients, these 
differences were within the variability of the experiments 
and PK data and have no significant or practical impact on 
in vivo PK. Therefore, the results indicate no difference in 
clearance of nonhuman gal-α-gal and NGNA glycans 

compared with the human major glycans (G0f, G1f, G2f). 
These results also indicate that the glycans were cleared by 
a similar mechanism, and that there was no additional 
clearance mechanism, such as immune response–mediated 
clearance, for the nonhuman glycans.

M5 is the only glycoform reported to have an increased 
clearance rate relative to other glycans. Although our study 
showed a trend toward preferential clearance of mAb1 with M5 
similar to previous data,7 this finding cannot be considered 
conclusive because of the very low level of M5 (<0.5% of total 
peaks) in mAb1 (Figure 9 and Table 3).

Discussion

In this study, we evaluated the in vivo clearance of nonhuman 
glycans compared with that of human glycans in mAb1 
expressed by NS0 cells. Efforts to directly quantitate Fc glycan 
structures on therapeutic mAbs in vivo have been challenging, 
due to the low concentration of mAbs in serum and the 
difficulties inherent in the mAb purification process to acquire 
mAbs in high purity. We developed a robust mAb1 purifica-
tion method for Fc glycan analysis that produced very low 
interference by human serum protein glycans. This three-step 
chromatographic purification process consisted of: (1) protein 
A column chromatography, (2) immobilized anti-mAb1 anti-
body affinity column chromatography, and (3) WCX. The 
three-step process demonstrated high specificity (with high 
purity) and acceptable recovery of mAb1 from clinical serum 
samples for characterization of in vivo product quality.

Following the administration of mAb1 to patients, the rela-
tive amounts of major human glycans (G0f, G1f, and G2f) and 
nonhuman gal-α-gal and NGNA glycans remained similar over 
a course of 4 weeks. The minor differences that were observed 
were within the experimental variability. The gal-α-gal and 
NGNA glycans were minor peaks (<4% each). At this level, 
the precision of the glycan method is around 10% coefficient of 
variation (CV). The observed differences are therefore not 
significant when assay precision is considered. Furthermore, 
the observed variability in glycan levels is well within the 
variability of half-life as determined from the clinical trials. 
This result indicates that there are insignificant differences in 
the glycans clearance rates in humans. Although the clearance 
of major glycans (G0f, G1f, G2f) has been reported in the 

Table 2. Recovered mAb1 from three-step purification process.

Patient No.

Recovered mAb1 (µg)

T0 TF

Patient 1 33.9 27.9
Patient 2 30.3 28.5
Patient 3 44.4 35.1
Patient 4 37.8 30.9
Patient 5 36.6 25.2
Patient 6 30.3 23.4
Patient 7 39.9 24.0
Process control 26.1

100 µg of mAb1 in each clinical serum samples was processed. 
Process control: 100 µg of mAb1 purified from 0.5 mL of serum.

Figure 6. Overlay of glycan profiles of purified mAb1 from clinical study patient. (a) patient 1 at T0; (b) patient 1 at TF. No significant differences were observed between 
two samples, especially for minor glycan species.
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Figure 7. Comparison of major glycans (G0f, G1f, G2f) between T0 and TF. T0 (black): samples taken from patients after receiving final dose on d 337; TF (gray) samples 
taken from patients on d 365 (4 weeks of final dose).

Table 3. Glycan analysis of mAb1 purified from 14 clinical sera.

Sample 
Name

Major glycans Gal-α-Gal NGNA

M5G0f

G1f 
(alpha 

1,6)

G1f 
(alpha 

1,3) G2f

G1f- 
GN 
+G

G1f 
+G(b)

G1f 
+G(a)

G2f 
+G(a)

G2f 
+2 G

G2f+G(b); co- 
eluted with G1f 

+NGc(a)

G2f 
+G 

+ NGc

G1f+NGc(a); 
co-eluted with 

G2f+G(b)

G1f- 
GN 

+NGc
G1f 

+NGc(b)
G2f 

+NGc

G2f 
+G 

+ NGc
G2f 

+2NGc

Patient 
1 T0

37.3 30.0 8.3 8.5 0.2 1.7 0.3 1.2 0.9 1.9 1.7 1.9 0.6 1.3 2.7 1.7 0.1 0.4

Patient 
1 TF

38.5 30.2 8.5 8.6 0.2 1.4 0.3 1.2 0.8 1.6 1.4 1.6 0.5 1.2 2.5 1.4 0.1 0.2

Patient 
2 T0

34.7 31.0 8.7 9.1 0.2 1.9 0.3 1.5 1.0 1.8 1.8 1.8 0.5 1.3 2.8 1.8 0.1 0.4

Patient 
2 TF

33.3 31.9 9.2 9.9 0.2 1.8 0.3 1.6 1.1 1.8 1.7 1.8 0.5 1.2 2.7 1.7 0.1 0.3

Patient 
3 T0

37.9 29.7 8.3 8.2 0.3 1.8 0.3 1.2 0.9 1.8 1.7 1.8 0.6 1.3 2.7 1.7 0.1 0.5

Patient 
3 TF

39.2 30.6 8.6 8.5 0.2 1.5 0.3 1.2 0.9 1.5 1.3 1.5 0.5 1.1 2.2 1.3 ND 0.2

Patient 
4 T0

26.5 33.8 9.4 11.2 0.2 2.2 0.4 2.0 1.3 2.2 2.4 2.2 0.6 1.4 3.6 2.4 0.1 0.4

Patient 
4 TF

26.7 33.8 10.0 11.7 0.2 1.9 0.4 1.9 1.2 1.9 1.9 1.9 0.7 1.1 2.9 1.9 ND 0.2

Patient 
5 T0

37.7 29.5 8.5 8.5 0.3 1.8 0.3 1.2 1.0 1.8 1.7 1.8 0.7 1.3 2.6 1.7 ND 0.4

Patient 
5 TF

39.0 29.8 8.8 8.7 0.2 1.5 0.3 1.1 0.8 1.5 1.2 1.5 0.6 1.0 2.0 1.2 ND 0.2

Patient 
6 T0

37.5 29.9 8.5 8.5 0.2 1.7 0.3 1.3 0.9 1.8 1.7 1.8 0.6 1.3 2.7 1.7 0.1 0.4

Patient 
6 TF

37.8 30.4 8.6 8.7 0.2 1.6 0.3 1.2 0.8 1.7 1.5 1.7 0.6 1.2 2.4 1.5 0.1 0.2

Patient 
7 T0

38.4 29.6 8.4 8.3 0.2 1.7 0.3 1.2 0.9 1.7 1.5 1.7 0.6 1.2 2.5 1.5 0.1 0.4

Patient 
7 TF

39.9 30.0 8.7 8.4 0.2 1.6 0.3 1.2 0.8 1.5 1.3 1.5 0.5 1.0 2.1 1.3 ND 0.3

Various mAb1 DP lots were administered among patients. 
ND, not detected.
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literature,1,3 here we report for the first time, to our knowledge, 
the clearance of nonhuman gal-α-gal and NGNA glycans in 
humans. Our results support the PK characterization of the 
glycans and can also provide insight into the immunogenicity 
assessment of nonhuman glycans.

Therapeutic antibody structures can trigger an immune 
response, which results in an immune-mediated clearance 
mechanism that can change the PK profile of mAbs in 
humans.15,19–21 Several studies conducted with therapeutic 
mAbs, including palivizumab, natalizumab, adalimumab, and 
infliximab, have found the presence of ADAs to be associated 
with lower measured levels of the drug. For example, palivizu-
mab has been found to have a 20% higher clearance in children 
with ADA, and a 90% reduction in serum drug levels has been 
correlated with ADA against natalizumab.24

In humans, gal-α-gal and NGNA may initiate an immune 
response when they enter the body,1,20,23,27,28 potentially resulting 
in faster clearance. The results of our study show that clearance 
of mAb1 is not affected by glycan structure. Because the patient 
serum samples were analyzed after patients had already received 
multiple doses of mAb1 over the course of a year, any potential 
immune response, along with any impact of immune-related 
clearance, would have been observable by the time of analysis.

The relative proportions of the glycans remained simi-
lar and all patients were ADA negative, suggesting that 
none of the glycans induced an immune response. 
Therefore, we conclude that mAb1 containing gal-α-gal 
and NGNA has a low risk of immunogenicity for the 
patients evaluated in this study. While the conclusion is 
based on data from all seven patents, collection of 

Figure 8. Comparison of Gal-α-Gal and NGNA between T0 and TF. T0 (black): samples taken from patients after receiving final dose on d 337; TF (gray) samples taken 
from patients on d 365 (4 weeks of final dose).

Figure 9. Changes in levels of Mannose 5 between T0 and TF. T0 (black): samples taken from patients after receiving final dose on d 337; TF (gray) samples taken from 
patients on d 365 (4 weeks of final dose).
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additional data from a larger number of patients can 
further support this conclusion. Furthermore, additional 
evaluation of several other mAbs and disease indications 
will be needed to make a broader claim of low immuno-
genicity for gal-α-gal and/or NGNA. Additional experi-
ments should be performed in order to prove that 
N-glycans do not influence the clearance of the mAbs in 
the context of an immune response. The approach pre-
sented in this study can be used in future studies to 
corroborate our results with those of other Fc-linked 
N-glycans from mAbs produced in murine cell lines.

Materials and methods

Ethics statement

The study from which patient serum samples were obtained 
was carried out in accordance with the Declaration of Helsinki 
and was approved by appropriate institutional review boards. 
All subjects provided written informed consent before under-
going any study procedures.

Chemicals and recombinant proteins

The proprietary mAb1 used in these studies is a fully human 
IgG1 antibody produced by AstraZeneca. Human sera for 
method development were purchased from either BioIVT (cat-
alog no. HMSRM, lot BRH638690) or VWR. Anti-mAb1 anti-
body was prepared in house. The WCX column was obtained 
from Thermo Fisher Scientific (catalog no. 054993, Propac 
WCX-10, 4 × 250 mm). The 14 clinical serum samples were 
acquired from a clinical trial of mAb1.

2-AB (catalog no. A89804) and 2-picoline borane (catalog 
no. 654213) were purchased from Sigma-Aldrich. PNGase 
F was purchased from Promega (V4831), and the GlycoClean 
S-plus cartridge was obtained from Agilent (GKI-4726). The 
UPLC (M207735 with fluorescence detector) and the UPLC 
column (Acquity UPLC glycoprotein amide, 300 Å, 1.7 µm, 
2.1 × 150 mm, BEH column) were obtained from Waters.

Protein A column chromatography

A prepacked HiTrap 1-mL protein A column (GE Healthcare) 
was installed on an Agilent 1200 HPLC (Waters) for protein 
A separation. Serum samples were diluted 1:1 in Dulbecco PBS 
and filtered through 0.45-μm filters to reduce viscosity before 
loading. A 1-mL injection loop was installed on the HPLC. 
Mobile phase A was Dulbecco PBS, pH 7.4, and mobile phase 
B was 100 mM acetic acid, pH 2.7. An injection volume of up to 
950 μL and a flow rate of 0.2 mL/min were used during the run. 
A stepped gradient with 100% mobile phase B was applied at 
10.01 min for 5 min. Total run time was 25 min, and about 1 mL 
of eluted fraction was collected between 18.8 and 20.8 min. Fifty 
microliters of 1 M Tris, pH 8.0, was added in fraction vials before 
fractions were collected to neutralize eluted samples.

Immobilization of anti-mAb1 antibody

Anti-mAb1 antibody was immobilized to N-hydroxysuccinimide 
(NHS)–activated Sepharose 4 Fast Flow resins (GE Life Sciences) 
according to the manufacturer’s instructions, with subtle modifi-
cations. Briefly, the NHS-activated resins were washed three times 
with 15-bead volumes of 1 mM hydrochloric acid prior to immo-
bilization. The resins were mixed with anti-mAb1 antibody (1 mg 
of antibody per 0.5 mL of resin), and the immobilization reaction 
was allowed to proceed for 48 h at 4℃. The antibody-immobilized 
resins were then washed five times with 0.1 M sodium bicarbo-
nate, 0.5 M sodium chloride at pH 8.3 to remove any excess non– 
cross-linked antibody. Unbound NHS groups were quenched by 
incubating the resins with 0.1 M Tris HCl, pH 8.5, for 4 h. Three 
cycles of alternating high- and low-pH washes (0.1 M Tris HCl, 
pH 8.5, and 0.1 M sodium acetate, 0.5 M sodium chloride, pH 4.5) 
were performed after quenching. The anti-mAb1 antibody– 
immobilized resins were then stored in PBS at 4℃ .

Purification by anti-mAb1 antibody affinity column

For purification of immobilized anti-mAb1 antibody on an 
affinity column, mobile phase A was 20 mM Tris, pH 7.5 (or 
pH 7.4) and mobile phase B was 500 mM arginine, 50 mM Tris, 
pH 7.3. Mobile phase C was 100 mM acetic acid, pH 2.7. An 
injection volume of up to 950 μL was used, and the flow rate 
was 0.2 mL/min during loading, 0.5 mL/min during arginine 
wash and elution, and 0.8 mL/min during wash after elution. 
A stepped gradient with 100% mobile phase C was applied at 
40.01 min for 13 min. The run time was 70 min. Eluted fraction 
was collected between 45.7 and 51.0 min in two vials. 
Collection vials contained 50 µL of 1 M Tris, pH 8.0, before 
collection. Approximately 2.5 mL was collected in two vials. 
Fractions were pooled before spinning in a Vivaspin 6 centri-
fugal concentrator (Sigma Aldrich) with a molecular weight 
cutoff of 30 K for 20 min at 3,500 × g. One milliliter of 20 mM 
phosphate, pH 6.5, was added, and the fractions were spun for 
20 min at 3,500 × g. This step was then repeated once more for 
buffer exchange. The final sample volume of approximately 
50 µL was then brought to a volume of approximately 100 μL 
with 20 mM phosphate, pH 6.5, for loading on a WCX column.

Weak cation exchange chromatography

For WCX, mobile phase A was 20 mM phosphate, pH 6.5, and 
mobile phase B was 20 mM phosphate, 100 mM sodium 
chloride, pH 6.5. An injection volume of up to approximately 
100 μL and a flow rate of 1 mL/min were used during the run. 
A linear gradient was applied between 15% mobile phase B at 
5 min and 100% mobile phase B at 15 min. The eluted fraction 
was collected between 9.0 and 12.5 min. The run time was 
27 min. A volume of approximately 3.5 mL was collected in 
two vials for each injection. Two fractions were pooled before 
spinning in a Vivaspin 6 with a molecular weight cutoff of 30 K 
for 20 min at 3,500 × g. One milliliter of 50 mM Tris, pH 7.5, 
was added, and the fractions were spun for an additional 
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30 min at 3,500 × g. The final sample volume was less than 
30 µL. After careful transfer of the samples to 1.5-mL centri-
fuge tubes, the sample concentration was checked with 
a Nanodrop spectrometer.

Glycan extraction, labeling, and solid-phase extraction 
clean-up for HILIC-UPLC

Three microliters of PNGase F was added to approximately 30 µL of 
sample and incubated at 37℃ for 16 ± 2 h. The cleaved oligosac-
charides were labeled by incubating with a cocktail of 2-AB plus 
2-picoline borane complex at 37℃ for 30 min. The 2-AB–labeled 
glycan sample was purified with a GlycoClean S-plus solid-phase 
extraction cartridge and then eluted with 150 μL of water into 
1.5-mL Eppendorf tubes. The eluates were then dried in 
a SpeedVac vacuum concentrator at 40℃ for 2 h. Dried samples 
were reconstituted with 10 µL of water, 22.5 µL of acetonitrile was 
added, samples were transferred to total recovery vials (Waters), and 
10 µL was injected into an Acquity UPLC glycoprotein BEH glyco-
protein column (300 Å, 1.7 µm, 2.1 × 150 mm; Waters). Peaks were 
monitored by fluorescence detection (excitation at 330 nm and 
emission at 420 nm). Glycan profiling assay showed precision of 
3.3% CV for major glycans (G0f, G1f, and G2f) and 9.3% for minor 
glycans, including gal-α-gal and NGNA. Peaks above the limit of 
quantitation (0.1%) were included in the total peak area. The gal-α- 
gal and NGNA contents were determined by summing up the peak 
area percentage of all glycans containing gal-α-gal or NGNA, 
respectively. Two glycans, G2f+G(b) and G1f+NGc(a), co-eluted 
in one peak, and the corresponding peak area percentage were 
included to calculate the percentages of both gal-α-gal and NGNA.

Abbreviations

2-AB 2-Aminobenzamide
ADA Antidrug antibody
BEH Ethylene bridged hybrid
CV Coefficient of variation
Fab Antigen-binding fragment
Fc Crystallizable fragment
gal-α-gal Galactose-alpha-1,3-galactose
HPLC High-performance liquid chromatography
IgG Immunoglobulin G
M5 Mannose 5
mAb Monoclonal antibody
NGNA N-glycolylneuraminic acid
NHS N-hydroxy-succinimide
PBS Phosphate-buffered saline
PK Pharmacokinetics
UPLC Ultra-performance liquid chromatography
WCX Weak cation exchange chromatography
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