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ABSTRACT OF THE THESIS 

 

Deconvolution Reveals the Activity  

of Specific Glycan Forms 

 

by 

 

Amanda Jayne Tsao 

 

Master of Science in Bioinformatics 

University of California, Los Angeles, 2021 

Professor Aaron S. Meyer, Chair 

 

The ability of Fcγ receptors to bind antibodies and induce responses such as antibody-dependent 

cellular cytotoxicity (ADCC) can impact disease outcomes. FcγR binding is known to be 

regulated by modification of glycans located in the Fc domain of IgG, although the influence of 

specific glycans on binding and subsequent activation remains relatively unknown. Glycan-

engineering has been previously used to study the effects of different glycans on Fc-mediated 

responses, but even extensive glycan-engineering methods are limited in their ability to create 

antibodies expressing a single, pure glycan. In this paper, we apply deconvolution to identify the 

contributions of individual glycans to FcγR binding and ADCC. Deconvolution revealed that 

afucosylated glycans are associated with increased ADCC activity and increased binding affinity 

to FcγRIIIa and FcγRIIIb. Additionally, FcγRIIIa-158F exhibited higher binding activity than 
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FcγRIIIa-158V despite having similar levels of ADCC, which suggests FcγRIIIa-158F may 

induce ADCC more efficiently. The deconvolution methods we present can be applied in the 

future to other responses mediated by Fcγ receptors such as complement activation. 
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INTRODUCTION 

 Despite existing knowledge about the influence of human immunoglobulin G (IgG) on Fc 

gamma receptors (FcγR) and complement activation, the influence of specific IgG1 glycans on 

binding and subsequent activation remains relatively unknown. In general, FcγRs have a low 

affinity for IgGs unless they are a part of a multimeric immune complex [Duchemin et al., 1994]. 

FcγRI is the exception, as it can interact with monomeric IgGs with high affinity [Bournazos et 

al., 2020a]. FcγR-mediated effector functions are highly complex and variable. Therefore, deeper 

understanding of how to influence receptor binding and downstream effector functions has the 

potential to optimize efficacy of cellular response, increase therapeutic potency, and minimize 

inappropriate activation. 

When FcγRs on immune cells interact with an immune complex or an opsonized cell 

generated by a pathogenic trigger, the FcγRs crosslink, which leads to the activation of the 

immunoreceptor tyrosine-based activation motif (ITAM) domains. The subsequent signaling 

cascade can result in antibody-dependent cellular phagocytosis (ADCP) of the complex or cell 

detected, along with the release of pro-inflammatory cytokines. Additionally, the FcγR-mediated 

response can also activate innate effector cells and trigger cell death through antibody-dependent 

cellular cytotoxicity (ADCC), which can help fight diseases such as infections and cancer [Von 

Holle & Moody, 2019; Zahavi et al., 2018]. Natural killer (NK) cells are the most important 

contributors to ADCC and are the only cell type that almost solely expresses FcγRIIIa [van Erp 

et al., 2019; Dekkers et al., 2017]. The degree of ITAM domain activation is modulated by the 

antagonist response of FcγRIIb, preventing excessive or inappropriate cellular responses 

[Bournazos et al., 2020b].  
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FcγRs are a class of surface proteins found on immune cells, which are known to have 

strong impacts in immune modulation within the body. There are three major types of FcγRs: 

FcγRI, FcγRII, and FcγRIII, each of which is known to have either an activating or inhibiting 

effect. This depends on the presence of previously mentioned ITAMs as well as immunoreceptor 

tyrosine-based inhibitory motifs (ITIMs) on the intracellular domain. The general effects of 

different FcγRs are known to some extent. FcγRI, FcγRIIa, FcγRIIc, and FcγRIIIa are activating 

due to ITAM presence, while FcγRIIb has an inhibitory effect due to the presence of ITIMs. 

FcγRIIIb contains a GPI-anchored protein and therefore its binding does not activate signal 

transduction, but rather transduces activation by crosslinking with other activating FcγRs. It is 

also known that the surface expression of these receptors on immune cells can be modulated by 

the presence of various cytokines and anti-inflammatory or pro-inflammatory signaling 

[Bournazos et al., 2020a]. The response generated by FcγR activation depends on the net 

contribution from activating and inhibitory signals. 

 One regulatory mechanism for FcγR binding is modification of the glycans located in the 

Fc domain of IgG. This type of modification leads to changes in the interaction between a glycan 

at position 162 in human FcγRIIIa or FcγRIIIb and the Fc glycan on IgG [Li et al., 2017]. The 

binding patterns derived from glycan modifications can impact the disease outcomes of 

autoimmune and alloimmune disorders. To investigate the relationships between glycan 

modifications, FcγR binding, complement activation, and FcγR-mediated cellular response, 

researchers at the University of Amsterdam used glycan-engineering to create mixtures of IgG1 

with varied amounts of distinct glycans. The 24 individual glycans had different profiles of 

bisection, fucosylation, galactosylation, and sialylation at asparagine 297 (Asn297) within the Fc 

domain of IgG1. The mixtures contained known combinations of the individual glycans, and 
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their binding affinities were recorded for each type of FcγR, compared to the mean affinity of 

unmodified IgG1. The largest changes were observed in IgG1 binding to FcγRIIa-158F, 

FcγRIIIa-158V, FcγRIIIb-NA1, and FcγRIIIb-NA2. Furthermore, ADCC activities of the 

modified IgG mixtures were measured using NK cells from FcγRIIIa-158F/F and FcγRIIIa-

158V/V donors. This yielded more information about glycan influence on receptor binding and 

cell death. However, the contributions of individual glycans were not given by the data collected 

because pure glycans are very difficult to isolate experimentally [Dekkers et al., 2017]. When 

experimental methods such as glycan-engineering pose significant challenges, computational 

approaches are often useful to help improve our understanding of the complex mechanisms at 

hand. 

A computational technique called deconvolution is used to process data that have 

undergone an undesired convolution [Smith, 1997]. Deconvolution aims to recover the signal 

that would have been measured in the absence of convolution [Smith, 1997]. Mathematically, we 

want to find the solution f, given the convolution function g and measured signal h: 

h = f * g 

For deconvolution to produce good results, it is often necessary to know the convolution function 

or be able to accurately estimate it [Smith, 1997]. When the convolution is unknown, blind 

deconvolution can be attempted. However, blind deconvolution algorithms are more complex 

and often fail to produce the desired results [Levin et al., 2009].  

Deconvolution has been applied extensively in seismology, imaging, and absorption 

spectra to process signals. It has also been used to study complex molecular systems to determine 

the activities of individual species within mixtures. For example, Proteolytic Activity Matrix 

Analysis (PrAMA) infers the activities of individual enzymes within mixtures of many proteases 
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[Miller et al., 2011]. Similarly, MUlti-Subject SIngle Cell deconvolution (MuSiC) estimates cell 

type proportions from bulk RNA-seq data containing several different cell types [Wang et al., 

2019]. In these cases, the undesired convolution is the combination of individual species 

(enzymes and cell types, respectively) to form mixtures and the desired results are the 

deconvolved measurements of those species in isolation. While deconvolution has been applied 

to several topics in biology, it has not yet been utilized to profile Fc glycan activity. This is an 

especially useful application of deconvolution due to the difficulty of isolating Fc glycans 

experimentally. 

 Currently, glycan-engineering methods are limited in their ability to create antibodies 

expressing a single, pure glycan. Even combining several glycan-engineering methods yields 

mixtures of glycan forms [Dekkers et al., 2017]. In this paper, we apply deconvolution to 

identify the contributions of individual glycans to Fc binding and immune response. 

Deconvolution was performed on the glycan matrix (Table 2), receptor binding (Figure 8), and 

ADCC data (Figure 9). This allowed us to infer the properties of the pure glycan species, which 

contribute to Fc binding in unique ways. Understanding these contributions is important for 

creating immune therapies that target Fc-mediated responses. However, because these responses 

are difficult to study experimentally, they are not well understood and remain underutilized in 

current immune therapies. Deconvolution, therefore, provides a method of analyzing glycan 

mixtures to improve our understanding of Fc-mediated immune response. 

METHODS 

Data 

The data used in this study was taken from Dekkers et al., which details experiments 

performed on mixtures of variously glycosylated IgG1 [Dekkers et al., 2017]. Two panels of 
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IgG1 were prepared such that the first panel was specific for the human RhD (anti-D) antigen 

and the second for 2,4,6-trinitrophenyl hapten (anti-TNP) [Dekkers et al., 2017]. 20 anti-D and 

20 anti-TNP mixtures were created through a combination of several glycan-engineering 

methods. Each mixture contained different amounts of several unique glycans, of which there 

were 24 in total. The varied levels of fucosylation, bisection, galactosylation, and sialylation in 

each mixture were also reported. Mixtures were named according to their glycan-engineering 

treatments (Table 2). Glycans were named according to their profiles of galactose, fucose, N-

acetylglucosamine, and N-acetylneuraminic (sialic) acid (Table 1). The specific glycans present 

in each mixture were quantified by mass spectrometry. Then, the mixtures were profiled for their 

ADCC, complement activation, and receptor binding activities. We performed deconvolution on 

ADCC and receptor binding to obtain the individual contributions of each glycan species. ADCC 

data was normalized with correction for spontaneous lysis as described previously [Dekkers et 

al., 2017]. 

 

Table 1: Fucosylation, Bisection, Galactosylation, and Sialylation of each glycan species. 

Glycans were named according to number of galactoses (G), presence of a core fucose (F), 

presence of a bisecting N-acetylglucosamine (N), and number of N-acetylneuraminic (sialic) 

acids (S). 
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Deconvolution 

 Our deconvolution technique assumes that all total measured IgG1 mixture characteristics 

from Dekkers et al., namely ADCC, complement activation, and receptor binding activities, are a 

summation of the individual contributions of each glycan in the mixture. We also assume that the 

contribution of a single glycan to a mixture’s activity is directly proportional to the fraction of 

glycan present in that mixture. These assumptions give the following linear model: 

𝑦 = 𝑋𝛽 + 	𝜀 

[𝑦!…	𝑦"] = 	 +
𝑥!,! ⋯ 𝑥!,$
⋮ ⋱ ⋮

𝑥",! ⋯ 𝑥",$
0 +
𝛽!
⋮
𝛽$
0 + 𝜀 

● 𝑦 is the observed average mixture characteristic  

● 𝑋 is the m-by-n matrix with m mixture observations and n glycans 

● 𝛽	is a vector of n values, which indicates the contribution of each glycan to the 

measurement of total ADCC, receptor binding, or complement activation 

● 𝜀 is the noise in the measurements 

 Values of 𝑋 were measured and reported in Table 1 of Dekkers et al. (Table 2). For 

ADCC deconvolution, the values were calculated as the average of four observations per mixture 

for each of the 20 mixtures. For complement activation and receptor binding, values of 𝑦 were 

directly reported in Dekkers et al. The ADCC and receptor binding experiments used the anti-D 

mixtures, while the complement activation experiments used the anti-TNP mixtures. 

 We aimed to estimate the contribution of each glycan to the experimentally observed 

mixture ADCC, complement activation, and receptor binding activity. While there are several 

solving techniques that may have been utilized, we chose to use non-negative least squares 

(NNLS). NNLS is a linear regression model with the additional constraint that all coefficients or 
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𝛽-values must be non-negative. This suited our application because measurements of ADCC, 

complement activation, and receptor binding must be non-zero. Negative values indicate 

measurement errors and have no meaningful biological interpretation. 

Bootstrapping 

 Bootstrapping is a statistical technique used to assess generalization to new datasets by 

resampling from a single body of data. These new datasets are used to fit the NNLS model and 

produce a distribution of model outputs. For this application, we performed a stratified 

resampling of the mixture data such that at least one of each mixture type would appear in the 

newly formed dataset. The mean measured value for each mixture in the new dataset was used to 

fit the NNLS model. The resultant distributions were used to calculate standard error for the 

predicted activity of each glycan form.  

Fitting and Cross-Validation 

 To evaluate the fitting of the deconvolution, we performed matrix multiplication on the 

mixture matrix 𝑋 and inferred vector 𝛽 to obtain the characteristics of each mixture. These fit 

values were then compared to the measured values from the Dekkers et al. in grouped bar plots 

(Figures 3, 5).  

 We also performed cross-validation by sequentially removing each mixture, 

deconvolving the remaining 19 mixtures, and using the resulting 𝛽	vector to infer the activity of 

each missing mixture (Figures 6, 7). These results allowed us to determine how well the 

deconvolution method predicts the activity of new mixtures. 
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RESULTS 

Glycan mixtures display multivariate changes in FcγR binding and ADCC 

Principal components analysis (PCA) was run using five components, which explained 

almost 100% of the variance in the original data (Figure 1C). Two components explained 99% of 

the variance. Scores using two principal components for FcγR binding and ADCC revealed that 

fucosylated mixtures (-G, Unmodified, +G, +G+S, +G+S+ivs, -G+B, +B, +B+G, +B+G+S, 

+B+G+S+ivs) were highly correlated (Figure 1A). While scores for afucosylated mixtures varied 

in both Components 1 and 2, there was a clear separation between galactosylated (-F+B+G, -

F+G, -F+G+S, -F+G+S+ivs, -F+B+G+S, -F+B+G+S+ivs) and non-galactosylated mixtures (-F-

G, -F-G+B, -F, -F+B) (Figure 1A).  Loadings using two principal components showed that 

FcγRIIIa-158V binding is highly correlated with ADCC mediated by both FcγRIIIa-158V/V and 

FcγRIIIa-158F/F (Figure 1B). Bindings for FcγRIIIa-158F, FcγRIIIb-NA1, and FcγRIIIb-NA2 

were also somewhat correlated with FcγRIIIa-158V binding, FcγRIIIa-158V/V ADCC, and 

FcγRIIIa-158F/F ADCC in component 1 (Figure 1B). These groups were less correlated in 

component 2, but this second component only accounts for 2% of the variance. Lastly, the 

loadings for both FcγRI and FcγRII binding were essentially zero in both components, which 

means that the variance in FcγRI and FcγRII was not explained by the first two components 

(Figure 1B). 



 9 

 

Figure 1: Principal Components Analysis of FcγR Binding and ADCC. Scores (A) and 

loadings (B) using two principal components, which explain 99% of the data. R2X plot 

indicating the percentage of variance explained by each principal component (C). 
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Deconvolution of ADCC 

 We performed deconvolution on the ADCC mixture data using NNLS. To reduce the 

uncertainty of the deconvolution, we decreased the degrees of freedom by assigning certain 

molecular species to have a shared activity, based on prior knowledge regarding the glycan 

features that affect ADCC. The following glycans were grouped together: G1 and G1S, G2 and 

G2S, G0N and G2S2, G1N and G1NS, and G2N and G2NS. The deconvolution yielded the 

inferred contributions of each glycan species to ADCC mediated by NK cells from FcγRIIIa-

158F/F and FcγRIIIa-158V/V donors (Figure 2). The fucosylated species (G0F, G1F, G2F, 

G0FN, G1FN, G2FN, G1FS, G2FS, G2FS2, G1FNS, G2FNS, G2FNS2) showed no ADCC 

activity. Because every mixture showed some degree of ADCC activity, this result indicates that 

total mixture ADCC comes from the afucosylated species alone, which constitute at least a small 

proportion of each mixture. Of the afucosylated species (G0, G1, G2, G0N, G1N, G2N, G1S, 

G2S, G2S2, G1NS, G2NS, G2NS2), G1N, G2N, G1NS, and G2NS had the highest inferred 

activities in FcγRIIIa-158 F/F, while G2N and G2NS were the highest in FcγRIIIa-158 V/V. 

G2NS2 had the lowest values by far, followed by G0, G0N, and G2S2 in both FcγRIIIa-158F/F 

and FcγRIIIa-158V/V. Bootstrapping yielded reasonably small error bars for most of glycans, 

indicating relatively little uncertainty in activity among the afucosylated glycans’ inferred 

activity. 
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Figure 2: Deconvolution of ADCC. Inferred contributions of each pure glycan species to 

ADCC mediated by NK cells from monozygotic FcγRIIIa-158F/F donors (A) and FcγRIIIa-

158V/V donors (B). Measurements of ADCC in glycan mixtures were taken from Dekkers et al. 

(Figure 9). Error bars were obtained with bootstrapping and represent the 67% confidence 

intervals. 

 

 To assess the fitting of the deconvolution as well as our assumptions about glycans with 

shared activity, we reversed the deconvolution by matrix multiplication between the mixture 

matrix and inferred 𝛽 vector. We then compared these values with the measured ADCC data 

from Dekkers et al. (Figure 3). The inferred and measured values were very similar. The 

fucosylated mixtures showed little to no ADCC activity, whether inferred or measured. The 

afucosylated mixtures exhibited much higher ADCC activities in both the inferred and measured 

instances. This indicated that the absence of a core fucose drastically increases ADCC. 
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Figure 3: Fitting of measured and inferred ADCC. Grouped bar plot comparing the inferred 

and measured activities of 20 mixtures to ADCC mediated by NK cells from FcγRIIIa-158F/F 

donors (A) and FcγRIIIa-158V/V donors (B). Measured values were taken from Dekkers et al. 

(Figure 9). Inferred values were calculated using the previous ADCC deconvolution. 

 

Deconvolution of Fcγ Receptor Binding 

 Similar to the deconvolution of ADCC, we used NNLS to deconvolve the contributions 

of individual glycans to receptor binding. The same shared activity assignments we used for the 

ADCC deconvolution were used for FcγRIIIa and FcγRIIIb binding. In addition, all FcγRI 

glycans were assigned to share the same binding activity. Grouping was not used for FcγRIIa and 

FcγRIIb/c. The inferred glycan contributions varied across different types of Fcγ receptors 

(Figure 4). The magnitudes of binding were lower in the FcγRI and FcγRII allotypes, compared 

to the FcγRIII allotypes. For the FcγRII allotypes, galactosylation and bisection increased 

receptor binding. G2FNS had the highest binding activity in FcγRIIb/c, while G2FN was the 
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highest in FcγRIIa-131R and G2NS in FcγRIIa-131H (Figure 4A-D). For FcγRIIIa-158F and 

FcγRIIIa-158V, the afucosylated glycans exhibited higher binding activities than the fucosylated 

glycans (Figure 4E-F). This result is consistent with the previous ADCC deconvolution, which 

used NK cells from FcγRIIIa-158F/F and FcγRIIIa-158V/V donors. Despite both FcγRIIIa 

allotypes having very similar levels of ADCC activity, FcγRIIIa-158F had more binding activity. 

For FcγRIIIb-NA1 and FcγRIIIb-NA2, receptor binding patterns were similar to those for 

FcγRIIIa. Most of the afucosylated glycans had higher binding activities than the fucosylated 

glycans (Figure 4G-H). However, as a group, the fucosylated glycans of FcγRIIIb had higher 

binding than those of FcγRIIIa. In both FcγRIIIa and FcγRIIIb, galactosylation tended to 

increase binding in afucosylated glycans. 

 Next, we fit the inferred and measured binding activities to assess the contributions we 

calculated for each glycan. Following the same method described for ADCC deconvolution, we 

multiplied the mixture matrix by the inferred 𝛽 vector for receptor binding then compared these 

values to the measurements reported in Dekkers et al. (Figure 5). For the FcγRII allotypes, the 

inferred binding activities were excellent fits for the measured values. For FcγRI and FcγIII, the 

inferred activities showed small deviations from the measured activities. This was likely due to 

grouping certain glycans to share the same activity. Nevertheless, the fits for FcγRI and FcγIII 

were still very good for most of the mixtures. 
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Figure 4: Deconvolution of Receptor Binding. Inferred receptor binding of each pure glycan 

species to FcγRI (A), FcγRIIa-131H (B), FcγRIIa-131R (C), FcγRIIb/c (D), FcγRIIIa-158F (E), 

FcγRIIIa-158V (F), FcγRIIIb-NA1 (G), and FcγRIIIb-NA2 (H). Measurements of receptor 

binding in glycan mixtures were taken from Dekkers et al. (Figure 8). Error bars were obtained 

with bootstrapping and represent the 67% confidence intervals. 
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Figure 4 continued 



 16 

 

Figure 5: Fitting of measured and inferred receptor binding. Grouped bar plot comparing the 

inferred and measured receptor binding of 20 mixtures to FcγRI (A), FcγRIIa-131H (B), 

FcγRIIa-131R (C), FcγRIIb/c (D), FcγRIIIa-158F (E), FcγRIIIa-158V (F), FcγRIIIb-NA1 (G), 

and FcγRIIIb-NA2 (H). Measured values were taken from Dekkers et al. (Figure 8). Fit values 

were calculated using the previous receptor binding deconvolution. 
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Figure 5 continued 

 

Cross-Validation 

 We performed cross-validation to determine how well the deconvolution predicts ADCC 

and receptor binding activities of unseen mixtures. Plotting measured activities by inferred 

activities revealed that inferred ADCC is an excellent predictor of actual, measured ADCC 
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(Figure 6). The points for each mixture lie very close to the line y=x, which represents perfect 

predictive accuracy. For receptor binding, the FcγRI and FcγRIII cross-validation revealed good 

predictive accuracy, although not as good as the previous ADCC cross-validation (Figure 7). The 

FcγRII cross-validation showed lower predictive accuracy compared to FcγRI and FcγRIII. 

Because glycan grouping was used for FcγRI and FcγRIII but not FcγRII, the increased 

predictive accuracy of FcγRI and FcγRIII was likely a result of including those groups.  

 

 

Figure 6: ADCC Cross-Validation. Points represent ADCC activities of 20 anti-D mixtures as 

a function of measured and inferred ADCC activities. Inferred activities were calculated by 

sequentially removing one mixture, performing deconvolution with the remaining 19 mixtures, 

and reconstructing the activity of the removed mixture from the deconvolution results. The 

dashed line y=x represents perfect predictive accuracy, meaning that inferred ADCC activities 

exactly match measured activities. 
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Figure 7: Receptor Binding Cross-Validation. Points represent receptor binding activities of 

20 anti-D mixtures as a function of measured and inferred binding. Inferred activities were 

calculated by sequentially removing one mixture, performing deconvolution with the remaining 

19 mixtures, and reconstructing the activity of the removed mixture from the deconvolution 

results. The dashed line y=x represents perfect predictive accuracy. 
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Figure 7 continued 
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DISCUSSION 

 In the first deconvolution of ADCC using mixtures of anti-D IgG, our results showed that 

the afucosylated glycans had higher inferred ADCC activities than the fucosylated ones (Figure 

2, Table 1). This finding is supported by previous research, which has shown that afucosylated 

antibodies can be used as therapeutic treatments by increasing ADCC [Iida et al., 2006; Satoh et 

al., 2006]. In addition, our comparisons of the inferred and measured activities of ADCC and 

receptor binding further supported the deconvolution results. The fitted outcomes were very 

similar to those measured experimentally and only exhibited minor deviations (Figures 3, 5). 

Furthermore, cross-validation showed very good predictive accuracy for ADCC in both FcγRIIIa 

allotypes as well as for receptor binding in FcγRI and FcγRIII (Figures 6, 7).  

The deconvolution of receptor binding activity revealed similar trends in all four FcγRIII 

allotypes (Figure 4). Because the ADCC experiments used NK cells from FcγRIIIa-158F/F and 

FcγRIIIa-158V/V donors, the deconvolution supports that afucosylation in these two allotypes 

contributes to higher levels of both ADCC and receptor binding activity. Afucosylation is likely 

increasing receptor binding directly, which then increases the downstream ADCC response. 

Interestingly, FcγRIIIa-158F had more binding activity than FcγRIIIa-158V although the two 

types had very similar levels of ADCC (Figures 2, 4). This result suggests that FcγRIIIa-158F 

may induce ADCC more efficiently and thus requires less binding activity to achieve a similar 

level of ADCC. 

Among the afucosylated glycans of the FcγRIII allotypes, those that had the highest 

binding activities also tended to be galactosylated (G1 or G2, compared to non-galactosylated 

G0) (Figure 4). This is consistent with the PCA scores for each mixture, which showed a 

separation between the galactosylated and non-galactosylated mixtures along component 2 
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(Figure 1A). Therefore, the variance explained by component 2 may be mostly due to 

galactosylation. In addition, the clustering of fucosylated mixture scores suggests that the 

variance explained by component 1 may be mostly due to fucosylation. This is probable because 

fucosylation seems to have the most significant impact on glycan activities. 

 For future directions, we plan to apply deconvolution to complement activation, which 

was measured using the anti-TNP mixtures in Dekkers et al. (Figure 10). Understanding how 

different glycans contribute to complement activation as well as to ADCC and receptor binding 

will provide a more complete picture of the complex mechanisms mediated by Fcγ receptors. We 

also plan to perform experiments for further validation of our computational techniques. 

Specifically, we are interested in expressing certain glycans in their pure forms to investigate 

whether our inferences of their individual activities are supported experimentally. Because 

engineering specific glycan forms is very difficult, there is limited data on the effects of glycan 

variation in the Fc region of IgG. As glycan-engineering methods advance, more data will 

become available to study a wider variety of Fc-mediated immune responses using 

deconvolution. 

Moreover, our deconvolution methods can provide important information for building 

computational models of IgG effector response by revealing the influence of specific glycans on 

different effector responses. While we studied how glycans can modulate ADCC through 

interaction with FcγRIIIa allotypes, future studies may investigate the effects of glycan variation 

on effector responses modulated by the FcγRI and FcγRII allotypes. In addition, the experiments 

from Dekkers et al. used antibodies specific for either the human RhD (anti-D) or 2,4,6-

trinitrophenyl hapten (anti-TNP) antigens. Performing experiments using antibodies specific for 
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different, clinically significant antigen targets may also be helpful in discovering new therapeutic 

treatments. 

 In this study, we used deconvolution to better understand mixtures of IgG glycans. 

However, there are many other biological problems to which this technique can be extremely 

informative. Deconvolution has already been applied to mixtures of proteases and cell types, but 

it can be applied to many other problems involving species that are difficult to isolate and study 

experimentally, in their pure forms [Miller et al., 2011; Wang et al., 2019; Avila Cobos et al., 

2020].  
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Table 2: Anti-D and Anti-TNP Mixture Components [Dekkers et al., 2017] 
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Table 2 continued 
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Figure 8: Measurements of FcγR binding to IgG1 [Dekkers et al., 2017] 
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Figure 9: Measurements of antibody-dependent cellular cytotoxicity (ADCC) [Dekkers et al., 

2017] 
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Figure 10: Measurements of complement activation [Dekkers et al., 2017] 
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