
引言

抗体-药物偶联物（ADCs）是一类新兴的生物治疗药物。这些

药物采用特定的连接子将抗体和小分子细胞毒药物连接起来，因而

ADCs既具有单克隆抗体的靶向特异性，又可以通过细胞毒性分子

有效杀死目标感染细胞。然而ADCs的结构组成非常复杂，在分析

表征过程中将会涉及到抗体主链和抗体上结合的细胞毒药物两个部

分的表征，其中药物抗体比（DAR值）的分析检测是ADCs药物评

估中重要指标。目前已经有研究表明，抗体上结合药物的数量会显

著影响ADCs的安全性和有效性，因此必须开发有效的方法对其进

行表征和监测[1-3]。

本文基于SCIEX公司推出的紧凑型X500B QTOF高分辨质谱

系统，提出了一种新型简便的ADCs分析方法来快速准确地计

算DAR值。该系统使用SCIEX OS软件进行数据采集，并且搭配 

BioPharmaView™ 2.0.1软件进行数据处理，不仅可以对ADCs进行

常规表征，也可以对ADCs糖基化和去糖基化两种形态进行分析，

分别得到准确的DAR值。

实验部分

样品分为原始的含有糖基化的ADCs，以及使用PNGase F

酶 （New England BioLabs，Ipswich, MA, USA）脱去N-糖的脱糖

ADCs，具体步骤参照PNGase F酶的使用说明。

LCMS分析仪器配置： 台式X500B QTOF高分辨质谱联接Exion 

LC™系统，并且搭载SCIEX OS操作系统。表1列出了使用Exion 

LC™系统分离过程中使用的液相色谱条件，表2列出了使用台式
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X500B QTOF高分辨质谱分析过程中用到的各种参数。所得到的数

据使用BioPharmaView™软件进行从原始质谱图到完整蛋白分子量

的数据处理，并计算DAR值。
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Introduction

Antibody-drug conjugates (ADCs) are an emerging class of 
biotherapeutics. They offer the specificity of monoclonal 
antibodies while incorporating cytotoxic payloads to efficiently 
target and kill infected cells. By their nature, ADCs are highly 
complex as they use an antibody backbone which must be well
characterized. Adding to this complexity is conjugation of the 
cytotoxic payloads or drugs to the antibody. The number of drugs 
attached to the antibody has been shown to impact the safety 
and efficacy of the resulting ADC, and as such, must be 
characterized and monitored through development. [1-3]

Presented here is a streamlined approach for the analysis of 
ADCs to rapidly and accurately calculate the drug-to-antibody 
ratio (DAR). We will discuss the use of the new, compact X500B 
QToF, powered by SCIEX OS, with data processing using 
BioPharmaView™ 2.0.1 for routine characterization of ADCs and 
calculation of DAR using both the glycosylated and 
deglycosylated forms.

Figure 1: Trastuzumab emtasine. T-DM1 consists of a trastuzumab
backbone with MCC linker binding DM1, a cytotoxic drug to the antibody 
via lysine residues.

Experimental

Samples were prepared either neat for the glycosylated form or 
using PNGase F (New England BioLabs (Ipswich, MA, USA) using 
their standard protocol. 
LCMS analyses were conducted using a benchtop X500B QTOF  
mass spectrometer using SCIEX OS equipped with an Exion LC™
system. Table 1 lists the LCMS conditions used in these analyses.
Data was processed using BioPharmaView™ for reconstruction of 
the intact protein and calculation of DAR.

Table 1 Exion LC™ conditions

Column Agilent Poroshell 300SB-C8 1.0 x 75mm 5 µm
Mobile phase A 0.1 % Formic acid in water
Mobile Phase B 0.1% Formic acid in acetonitrile
Flow rate 0.2 mL/min
Column Temperature 75 oC

Table 2 X500B mass spectrometry conditions

Source parameters:
CUR 30
GS1 50
GS2 50
Ion Spray Voltage 5000 V
Source Temperature 400oC
TOFMS mass range 900 – 4000 m/z
DP 250 V
Accumulation time 0.5 s
Time bins to sum 80
Intact Protein Mode (IPM) On
Large Proteins (>70kDa) On
Decrease Detector Voltage On
DP 250 V

Results and Discussion
Glycosylated T-DM1
For this study, we used trastuzumab emtansine (T-DM1), a lysine
conjugated ADC for the treatment of HER-2 positive metastatic 
breast cancer. T-DM1 is comprised of an antibody, trastuzumab,
covalently linked via lysine residues to cytotoxic drug molecules 
which are liberated following internalization by target cells (Figure 
1). As drug molecules are attached to the antibody following 
expression, assessment of the drug-to-antibody ratio (DAR) must 
be determined regularly as part of the drug development process. 

图1. 曲妥珠单抗-恩他辛的分子结构图。T-DM1由一个曲妥珠单抗主链、

多个MCC连接子以及DM1药物组成，DM1是一种细胞毒性药物， DM1与

MCC连接子反应后与通过赖氨酸残基与抗体结合。
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表1. Exion LC™液相色谱条件。
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结果与讨论

糖基化的T-DM1

在本研究中，我们选用曲妥珠单抗-恩他辛 (T-DM1)作为研究

对象，主要用于治疗HER-2阳性转移性乳腺癌。T-DM1由曲妥珠单

抗通过赖氨酸残基共价结合具有细胞毒性的DM1药物分子，结构

如图1所示。当T-DM1被靶细胞内化后，细胞毒性药物分子将被释

放，来执行它的作用。因此，在T-DM1药物开发和生产过程中，药

物分子与抗体结合效果即DAR值的测定是药效评估必不可少的关键

一环。

本文首先通过X500B质谱平台来测定糖基化T-DM1的DAR值。

如图2A所示，由于ADCs分子中含有多种糖基化修饰，所以分析得

到的原始质谱图非常复杂。我们借助BioPharmaView™软件的重建

算法，生成了高质量的完整分子量图。由图B，我们可以看到一系

列不同DAR值完整蛋白分子量的信号。这些ADCs分别是由0-8个药

物分子与曲妥珠单抗相连。每个DAR值对应的完整分子量图中都能

够看到清晰的糖型轮廓，且各个轮廓分布均一致。

通过对每一个DAR值对应的完整分子量图进行分析（图3），

我们清楚地看到了各个主要糖型的轮廓。其中有三组峰的质量差为

221 Da，而不是219 Da，初步判断是连接子自身的质量造成的。

此前有报道称，这是由于赖氨酸残基发生了化学交联反应。曲妥珠

单抗与MCC连接子的初始反应过程中将会产生一种中间体。在某

些条件下，由于赖氨酸的位置更加接近该中间体，从而发生了两者

之间的链间交联反应。针对这种情况，我们可以通过计算质量数的

差值来判断，因为该连接子的质量数为221 Da。[2]

利用BioPharmaView™，DAR值可以根据不同药物偶联抗体

的重建峰面积分布来计算。图4中可以看到，DAR值的计算结果为

3.49，与文献中报道的3.5值吻合较好[1-3]。
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We began our study by determining the DAR of the intact ADC.
As shown in Figure 2A, the resulting raw spectrum is highly 
complex. Using the BioPharmaView reconstruction algorithm, 
we generated high quality reconstructed spectra clearly showing 
the different DAR species as well as the glycoprofile for each 
DAR. The resulting reconstruction of the raw data gives us a 
range of between 0-8 drugs attached to the trastuzumab (Figure 
2B). As expected, the glycoprofile for each DAR is consistent 
across each of the DAR species.

Figure 2: T-DM1 raw (A) and reconstructed (B) data. Raw data (2A)
includes glycosylations and ADC which increases the normal complexity 
of an antibody spectrum while 2B shows the reconstruction using 
BioPharmaView and calculating 0-8 drugs attached to the trastuzumab.

Looking closely at each reconstructed DAR separately, we 
clearly see evidence for each of the main glycoforms as well as a 
corresponding set of species with a mass shift of 221 Da and not 
219 Da which would be the mass of the linker itself. (Figure 3). 
This has previously been reported to be due to a reaction with 
lysine residues, which results in chemical crosslinking. The initial 
reaction of trastuzumab to the MCC linker produces an 
intermediate which, in some cases, due to the proximal location 
of lysines involves a second reaction causing the inter-chain 
cross linking and a linker species of 221 Da without the DM1. [2]

Figure 3: Trastuzumab emtansine with 3 drugs attached. A closer 
look at the reconstructed DAR shows evidence for the main glycoforms: 
1 G0F/G0F, 2: G0F/G1F, 3:G1F/G1F and 4: G1F/G2F with 
corresponding additions of one MCC linker without DM1.

Using BioPharmaView, (DAR) can be calculated based on the 
reconstructed peak area distribution of the different drug 
conjugated antibodies. DAR was calculated to be 3.49 (Figure.
5), which agrees well with previously reported value of 3.5 [1-3].

Figure 4: Calculation of DAR for trastuzumab emtasine using 
BioPharmaView™. Calculation of DAR using the software gives a 
simple table and graph, showing the median multiplicity of the ratio. 
Highlighted in the top right is the ratio calculated which was 3.49. 

Deglycosylated T-DM1
We then removed the N-linked glycans using PNGaseF to 
provide a spectrum with reduced complexity as the peaks 
attributed to the glycoforms would be removed. As shown in 
Figure 5A, we can clearly see that the glycoform complexity has 
been reduced. In addition, the presence of the species with a 
221 Da higher than each corresponding DAR species is evident 
confirming our previous findings. 
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B
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图2. T-DM1原始质谱图(A)和完整分子量图 (B)。原始质谱图(2A)既包括不同

的糖基化修饰又包含不同DAR值的信息，因而增加了抗体谱的一般复杂程

度，而经过BioPharmaView™软件处理后得到了完成分子量图，并且计算

得出样本中有0-8个药物分子连接在曲妥珠单抗上。

图3. 3个药物分子结合的曲妥珠单抗-恩他辛完整分子量图。图上可以发现

主要的糖型式为1: G0F/G0F, 2: G0F/G1F, 3:G1F/G1F和4:G1F/G2F。除此之

外，图上还观察到质量数增加了一个MCC连接子的信号。
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Introduction
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Figure 1: Trastuzumab emtasine. T-DM1 consists of a trastuzumab
backbone with MCC linker binding DM1, a cytotoxic drug to the antibody 
via lysine residues.

Experimental

Samples were prepared either neat for the glycosylated form or 
using PNGase F (New England BioLabs (Ipswich, MA, USA) using 
their standard protocol. 
LCMS analyses were conducted using a benchtop X500B QTOF  
mass spectrometer using SCIEX OS equipped with an Exion LC™
system. Table 1 lists the LCMS conditions used in these analyses.
Data was processed using BioPharmaView™ for reconstruction of 
the intact protein and calculation of DAR.

Table 1 Exion LC™ conditions

Column Agilent Poroshell 300SB-C8 1.0 x 75mm 5 µm
Mobile phase A 0.1 % Formic acid in water
Mobile Phase B 0.1% Formic acid in acetonitrile
Flow rate 0.2 mL/min
Column Temperature 75 oC

Table 2 X500B mass spectrometry conditions

Source parameters:
CUR 30
GS1 50
GS2 50
Ion Spray Voltage 5000 V
Source Temperature 400oC
TOFMS mass range 900 – 4000 m/z
DP 250 V
Accumulation time 0.5 s
Time bins to sum 80
Intact Protein Mode (IPM) On
Large Proteins (>70kDa) On
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Results and Discussion
Glycosylated T-DM1
For this study, we used trastuzumab emtansine (T-DM1), a lysine
conjugated ADC for the treatment of HER-2 positive metastatic 
breast cancer. T-DM1 is comprised of an antibody, trastuzumab,
covalently linked via lysine residues to cytotoxic drug molecules 
which are liberated following internalization by target cells (Figure 
1). As drug molecules are attached to the antibody following 
expression, assessment of the drug-to-antibody ratio (DAR) must 
be determined regularly as part of the drug development process. 

表2. X500B QTOF质谱分析条件。
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 脱糖基化的 T-DM1

我们使用PNGase F酶去除N-糖链，得到脱糖基化的T-DM1。由

于与糖型相关的峰被去除，我们得到一个复杂度相对较低的原始质

谱图（如图5A所示）。在图5B中，我们可以清楚地看到由糖型导

致的复杂性已经降低。此外，在不同DAR值对应的每簇信号中，质

量数增加221 Da的峰信号仍然非常明显，这一现象进一步证实了我

们前文的推断。

去糖基化曲妥珠单抗-恩他辛的完整分子量图进一步证实了

图2中对糖型的分析结果。通过对原始曲妥珠单抗-恩他辛和脱

糖基化曲妥珠单抗-恩他辛这两种样本进行检测，均得到了相同

的结果，即有0-8个药物分子连接在曲妥珠单抗主链上。利用

BioPharmaView™软件计算得到的DAR结果也与文献报道一致。[2]

结论

通过实验结果证明，SCIEX台式X500B QTOF高分辨质谱系统

可以为广大生物制药的分析工作者提供非常高质量的数据。X500B 

QTOF的超高分辨可以识别糖基化和与抗体结合的药物分子数量，

因此对结构复杂的ADCs类药物的分析质控具有很好的应用。也正

是X500B QTOF超高的质量精度帮助我们判定了221 Da质量偏差的

归属：所得到的数据结果与Jacobson等人的研究结论完全吻合，曲

妥珠单抗 - MCC连接子中间体与赖氨酸残基会发生交联反应，而

221Da正是对应于一个MCC连接子。数据处理和谱图的重建采用

BioPharmaView™软件进行，分析速度快，计算结果准确：含糖基

化的样本通过软件计算得到的DAR值为3.49，非常接近与文献中给

出的DAR值3.5。[2]

p 3

Figure 5: Deglycosylated T-DM1 raw (A) and reconstructed (B) 
spectrum. Raw data (5A) from the deglycosylated is used to reconstruct 
the intact protein mass (5B).

The reconstructed spectrum for the deglycosylated trastuzumab 
emtasine confirms the results observed in figure 2 of the 
glycosylated form. Both confirm from 0 – 8 drugs attached to the 
trastuzumab backbone. DAR calculations were performed using 
the software, and the resulting DAR value is consistent with 
previously reported values. [2]

Figure 6: DAR calculation for deglycosylated trastuzumab 
emtansine. The 8 drug conjugates (highlighted bottom left) are then 
used to calculate the DAR ratio (highlighted top left) to give a DAR ratio 
of 3.26.

Conclusion

We have shown that the benchtop X500B QTOF system 
produces data with such quality that it can be used for routine 
analysis of such complex biologics such as ADCs which require 
high resolution data to identify glycosylations and the number of 
drugs bound to the antibody. We have shown that the mass
accuracy is such that we are able to identify a prominent 221 Da
mass shift that has been reported by Jacobson et al as a 
conjugation of the trastuzumab-MCC linker intermediate with a 
proximal lysine residue. Processing of the data and 
reconstruction was performed using BioPharmaView resulting in 
fast reconstruction and accurate DAR calculations. The resulting 
software was able to calculate the DAR ratio to be 3.46 on the 
glycosylated form compared to the 3.5 listed in literature. [2]
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high resolution data to identify glycosylations and the number of 
drugs bound to the antibody. We have shown that the mass
accuracy is such that we are able to identify a prominent 221 Da
mass shift that has been reported by Jacobson et al as a 
conjugation of the trastuzumab-MCC linker intermediate with a 
proximal lysine residue. Processing of the data and 
reconstruction was performed using BioPharmaView resulting in 
fast reconstruction and accurate DAR calculations. The resulting 
software was able to calculate the DAR ratio to be 3.46 on the 
glycosylated form compared to the 3.5 listed in literature. [2]
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图5. 5A：脱糖基化T-DM1的原始质谱图，5B：由5A重建得到的：脱糖基

化T-DM1的分子量图。

图6. 去糖基化的曲妥珠单抗-恩他辛的DAR计算结果。使用0-8个药物分子

的偶联物（左下对话框中高亮标出）来计算得到DAR值（左上对话框中高

亮标出）为3.26。
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We began our study by determining the DAR of the intact ADC.
As shown in Figure 2A, the resulting raw spectrum is highly 
complex. Using the BioPharmaView reconstruction algorithm, 
we generated high quality reconstructed spectra clearly showing 
the different DAR species as well as the glycoprofile for each 
DAR. The resulting reconstruction of the raw data gives us a 
range of between 0-8 drugs attached to the trastuzumab (Figure 
2B). As expected, the glycoprofile for each DAR is consistent 
across each of the DAR species.

Figure 2: T-DM1 raw (A) and reconstructed (B) data. Raw data (2A)
includes glycosylations and ADC which increases the normal complexity 
of an antibody spectrum while 2B shows the reconstruction using 
BioPharmaView and calculating 0-8 drugs attached to the trastuzumab.

Looking closely at each reconstructed DAR separately, we 
clearly see evidence for each of the main glycoforms as well as a 
corresponding set of species with a mass shift of 221 Da and not 
219 Da which would be the mass of the linker itself. (Figure 3). 
This has previously been reported to be due to a reaction with 
lysine residues, which results in chemical crosslinking. The initial 
reaction of trastuzumab to the MCC linker produces an 
intermediate which, in some cases, due to the proximal location 
of lysines involves a second reaction causing the inter-chain 
cross linking and a linker species of 221 Da without the DM1. [2]

Figure 3: Trastuzumab emtansine with 3 drugs attached. A closer 
look at the reconstructed DAR shows evidence for the main glycoforms: 
1 G0F/G0F, 2: G0F/G1F, 3:G1F/G1F and 4: G1F/G2F with 
corresponding additions of one MCC linker without DM1.

Using BioPharmaView, (DAR) can be calculated based on the 
reconstructed peak area distribution of the different drug 
conjugated antibodies. DAR was calculated to be 3.49 (Figure.
5), which agrees well with previously reported value of 3.5 [1-3].

Figure 4: Calculation of DAR for trastuzumab emtasine using 
BioPharmaView™. Calculation of DAR using the software gives a 
simple table and graph, showing the median multiplicity of the ratio. 
Highlighted in the top right is the ratio calculated which was 3.49. 

Deglycosylated T-DM1
We then removed the N-linked glycans using PNGaseF to 
provide a spectrum with reduced complexity as the peaks 
attributed to the glycoforms would be removed. As shown in 
Figure 5A, we can clearly see that the glycoform complexity has 
been reduced. In addition, the presence of the species with a 
221 Da higher than each corresponding DAR species is evident 
confirming our previous findings. 

A

B

图4. 使用BioPharmaView™计算曲妥珠单抗-恩他辛的DAR值。软件给出了

非常直观的表格和图形，显示了不同比值的分布情况，并在右上角用高亮

显示出计算结果：3.49。



p 4

参考文献

[1] Michael T. Kim, Yan Chen, Joseph Marhoul and Fred Jacobson. 

Statistical Modeling of the Drug Load Distribution on 

Trastuzumab Emtansine (Kadcyla), a Lysine-Linked Antibody Drug 

Conjugate. Bioconjugate Chem. 2014, 25, 1223-1232 

[2] Yan Chen, Michael T. Kim, Laura Zheng, Galahad Deperalta, 

and Fred Jacobson. Structural Characterization of Cross-Linked 

Species in Trastuzumab Emtansine (Kadcyla). Bioconjugate Chem. 

2016, 27, 2037-2047 

[3] Liuxi Chen, Lan Wang, Henry Shion, Chuanfei Yu, Ying Qing Yu, 

Lei Zhu, Meng Li, Weibin Chen, and Kai Gao. In-depth structural 

characterization of Kadcyla (ado-trastuzumab emtansine) and its 

biosimilar candidate. MABS, 2016, VOL. 8, NO. 7, 1210-1223

SCIEX中国公司
北京分公司
地址：北京市朝阳区酒仙桥中路24号院
 1号楼5层
电话：010-5808 1388
传真：010-5808 1390

上海公司及亚太区应用支持中心
地址：上海市长宁区福泉北路518号
 1座502室
电话：021 - 2419 7200
传真：021 - 2419 7333

广州分公司
地址：广州市天河区珠江西路15号 
 珠江城1907室
电话：020-8510 0200
传真：020-3876 0835

全国免费垂询电话：800 820 3488，400 821 3897         网址： www.sciex.com.cn         微博：@SCIEX

For Research Use Only.  Not for use in Diagnostics Procedures. 

AB Sciex is operating as SCIEX.

© 2019. AB Sciex. The trademarks mentioned herein are the property of AB Sciex Pte. 

Ltd. or their respective owners.  AB SCIEX™ is being used under license. 

RUO-MKT-02-5468-ZH-B


