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Table 1. Estimated global sales of GLP-1 therapeutics that have acquired U.S. approval since 2005. Data in each column 
represents publicly available data for global sales in the first year after release.
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A New Era in Obesity Research
Glucagon-like peptide-1 (GLP-1) has transformed how the world views obesity. Once considered a disease of caloric 
imbalance, obesity is now recognized as a complex endocrine and inflammatory condition; regulated by hormone 
signaling between the gut, pancreas, brain, and adipose tissue.

GLP-1–based therapies such as receptor agonists have achieved remarkable clinical success over the past two 
decades1. Since 2005, 13 different therapeutics have been developed to treat either diabetes or excess weight2. Among 
those 13 therapeutics, publicly available data show strong year 1 performances that demonstrates a high demand for 
treatment in this area.
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Due to the success of these therapeutics, increasing focus is being placed on characterizing the entire GLP-1 signaling 
pathway, including the following questions:
• How do GLP-1 receptors behave at the cellular level? 
• What happens to downstream GLP-1 signaling over time? 
• And how does the GLP-1 pathway intersect with inflammation and energy metabolism?

Promega bioluminescent and cell-based technologies provide a means to explore these questions and connect GLP-1 
receptor activation to cellular, metabolic, and inflammatory outcomes.

肥胖症中的 GLP-1 信号传导：
监测 GPCR 动态的技术

肥胖症研究的新纪元

胰高血糖素样肽 -1（GLP-1）改变了世界对肥胖症的认知。肥胖症曾被视为一种热量失衡导致的疾病，如今被认为是一种复

杂的内分泌和炎症性疾病，受到肠道、胰腺、大脑和脂肪组织之间激素信号传导的调节。

以 GLP-1 为基础的疗法（如受体激动剂）在过去二十年中取得了显著的临床成功 1。自 2005 年以来，已有 13 种不同的疗法

被开发用于治疗糖尿病或超重 2。在这 13 种疗法中，公开数据显示其上市首年表现强劲，表明该领域的治疗需求旺盛。

表 1. 自 2005 年起获得美国批准的 GLP-1 疗法全球销售额估计。各列数据代表公开可得的上市后首年全球销售额数据。

由于这些疗法的成功，人们越来越关注于全面解析 GLP-1 信号传导通路，包括以下问题：

• GLP-1 受体在细胞水平上如何表现？

• 下游 GLP-1 信号传导随时间推移会发生什么变化？

• GLP-1 通路如何与炎症和能量代谢相互关联？

Promega 的生物发光和基于细胞的技术为探索这些问题、将 GLP-1 受体激活与细胞、代谢及炎症结果联系起来提供了手段。
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Figure 1. GLP-1 Mechanism of Action. Incretin receptors are G protein-coupled receptors, leading to cAMP signaling.

Understanding GLP-1 Receptor Activation: An Integrated View
GLP-1 exerts its biological effects through activation of the GLP-1 receptor (GLP-1R). As a G-protein coupled receptor 
(GPCR), GLP-1R binding leads to activation of adenylate cyclase and production of cAMP1. This results in downstream 
promotion of glucose-dependent insulin secretion and enhanced glucose uptake in peripheral tissues. Beyond this 
canonical cAMP pathway, GLP-1R activation also engages β-arrestin–mediated signaling, influences ERK1/2 
phosphorylation, and regulates receptor internalization and recycling dynamics3. These non-canonical mechanisms have 
become an area of intense investigation, as they contribute to signal bias and may explain differences in efficacy and 
tolerability among GLP-1 receptor agonists.

Clinically, GLP-1 receptor agonists have achieved remarkable success in the management of type 2 diabetes and obesity, 
driven by their ability to enhance glucose-stimulated insulin release while suppressing appetite and slowing gastric 
emptying. This has direct applications in decreasing excessive fat accumulation, a characteristic trait of obesity4. The 
success of GLP-1 therapeutics has catalyzed a surge of interest in further dissecting GLP-1 signaling, reflecting a 
broader trend toward mechanistic precision in drug development. Understanding the fine structure of receptor activation 
and downstream effectors not only informs intentional design of next-generation GLP-1 analogs and agonists but also 
continues the push for more advanced cellular assays and technologies. Understanding the entire workflow of GLP-1, 
including its downstream signaling processes, includes characterizing the following information: 

1. Receptor Engagement and Internalization
2. Signal Propagation
3. β-arrestin recruitment
4. Hormone Secretion
5. Inflammatory Feedback
6. Study Agonist Effects

图 1. GLP-1 作用机制。肠促胰素受体是 G 蛋白偶联受体，可导致 cAMP 信号传导。

理解 GLP-1 受体激活：一个整合的视角

GLP-1 通过激活 GLP-1 受体（GLP-1R）发挥其生物学效应。作为 G 蛋白偶联受体（GPCR），GLP-1R 的结合导致腺苷酸

环化酶的激活和 cAMP 的产生 1。这进一步促进葡萄糖依赖性胰岛素分泌，并增强外周组织对葡萄糖的摄取。除了这一经典

的 cAMP通路外，GLP-1R激活还参与β-抑制蛋白介导的信号传导，影响ERK1/2磷酸化，并调节受体内化与再循环动力学 3。

这些非经典机制已成为深入研究的热点领域，因其可导致信号偏向性（signal bias），并可能解释不同 GLP-1 受体激动剂在

疗效与耐受性方面的差异。

在临床上，GLP-1 受体激动剂凭借其增强葡萄糖刺激的胰岛素释放、同时抑制食欲和延缓胃排空的能力，在 2 型糖尿病和

肥胖症的管理中取得了显著成功。这直接应用于减少过度脂肪堆积，即肥胖症的特征表现 4。GLP-1 疗法的成功激发了人们

进一步解析 GLP-1 信号传导的浓厚兴趣，反映了药物开发中向机制精确性迈进的更广泛趋势。理解受体激活和下游效应器

的精细结构，不仅有助于下一代 GLP-1 类似物和激动剂的理性设计，也推动了对更先进细胞检测技术和平台的需求。理解

GLP-1 的完整工作流程（包括其下游信号传导过程）需要明确以下信息特征：

1.  受体结合与内化

2.  信号传导

3.  β- 抑制蛋白招募

4.  激素分泌

5.  炎症反馈

6.  激动剂效应研究
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Figure 2. Measurement of agonist-induced 
internalization of HiBiT-tagged GLP-1R. 
Upon binding, GLP-1R undergoes 
ligand-induced endocytosis that regulates 
both signaling amplitude and recycling. 
Treatment with Semaglutide, Retatrutide, or 
Tirzepatide decreases HiBiT-tagged GLP-1R 
by reducing the surface density of 
HiBiT-tagged GPCRs. LgBiT is cell 
impermeable and thus can only bind to 
HiBiT exposed on the cell surface. 
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Understanding GLP-1 Receptor Activation: An Integrated View
Promega offers a suite of assays to enable scientists to understand multiple biological layers. This ecosystem enables 
scientists to explore every aspect of GLP-1 biology, from receptor engagement down to which cytokines are aberrantly 
expressed. This includes a wide suite of luciferase reporters that enable bright, sensitive luminescent detection of targets. 
This availability of tools to understand GLP-1 signaling biology so thoroughly has wide applications in the development of 
potential therapeutics for obesity research, where a complete picture is required to make educated decisions. In the section 
below, we walk through distinct assays and technologies that enable cutting-edge understanding at every stage of GLP-1 
research and therapeutic development. 

1. Receptor Engagement and Internalization

Figure 1. Quantifying the affinity of GLP-1R 
ligands using the NanoBRET® TE assay 
and HiBiT-tagged GLP-1R. The optimized 
NanoBRET® TE assay was performed for 
HEK293 transiently transfected with
HiBiT-GLP1R using retatrutide, semaglutide, 
and tirzepatide GLP1R agonists with 
4.34nM exendin-4 peptide tracer
(n=3 each). Following 20 minutes binding 
time, NanoBRET® was detected using the 
Nano-Glo® HiBiT Extracellular
Detection system on a GloMax® Discover 
Microplate Reader.

Promega 提供一系列检测方法，使科学家能够理解多个生物学层面。这一技术体系使科学家能够探索 GLP-1 生物学的各个

方面，从受体结合到哪些细胞因子存在异常表达。其中包括一系列萤光素酶报告基因，能够对靶标进行明亮、灵敏的生物发

光检测。这些能够如此透彻地理解 GLP-1 信号生物学的工具，在肥胖症研究的潜在疗法开发中具有广泛的应用，因为在该领

域需要全面的信息才能做出明智的决策。在下面的章节中，我们将逐一介绍不同的检测方法和技术，这些方法和技术能够在

GLP-1 研究和疗法开发的每个阶段实现前沿水平的理解。

1. 受体结合与内化

图 1. 使用 NanoBRET® TE 检测法和 HiBiT 标

记的 GLP-1R 定量 GLP-1R 配体的亲和力。使

用 retatrutide、semaglutide 和 tirzepatide 这三种

GLP-1R激动剂以及 4.34nM exendin-4肽示踪剂，

在瞬时转染 HiBiT-GLP1R 的 HEK293 细胞中进行

优化的 NanoBRET® TE 检测（每组 n=3）。配体

结合反应进行 20 分钟后，使用 Nano-Glo® HiBiT

细胞外检测系统在 GloMax® Discover 微孔板读板

仪上检测 NanoBRET®。

图 2. 激动剂诱导的 HiBiT 标记 GLP-1R 内化测

量。结合后，GLP-1R 发生配体诱导的内吞作用，

从而调节信号幅度和再循环。使用 Semaglutide、

Retatrutide 或 Tirzepatide 处理通过降低 HiBiT 标

记 GPCR 的表面密度来减少可检测到的 HiBiT 标

记的 GLP-1R 信号。LgBiT 不能透过细胞膜，因此

只能与细胞表面暴露的 HiBiT 结合。
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Figure 4. Real-time monitoring of 
agonist-induced Beta-arrestin recruitment 
to GLP-1R using NanoBiT® Technology. 
Measure receptor–adaptor or 
receptor–ligand complex formation with a 
NanoBiT® assay, revealing functional 
diversity in signaling. This is a regulatory 
node between signal propagation and 
receptor trafficking, offering live-cell insight 
on this interaction.
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3. β-arrestin recruitment

2. Signal Propagation

Figure 3. Monitoring GLP-1R 
agonist-induced changes in cAMP levels 
in real time using GloSensor™ technology. 
The GloSensor™ cAMP Assay enables 
kinetic profiling of cAMP levels to quantify 
second messenger signaling in real time 
following activation of GLP-1 receptors. 
This is the beginning of GLP-1 signal 
initiation, where the ligand binds and GPCR 
activation occurs. 

2. 信号传导

3. β- 抑制蛋白招募

图4. 使用NanoBiT®技术实时监测激动剂诱导的β-
抑制蛋白向 GLP-1R 的招募。通过 NanoBiT® 检测

法测量受体 -接头蛋白或受体 -配体复合物的形成，

揭示信号传导中的功能多样性。该过程是信号传导

与受体转运之间的关键调控节点，NanoBiT® 技术

可在活细胞中提供对该相互作用的动态洞察。

图 3. 使用 GloSensor™ 技术实时监测 GLP-1R 激

动剂诱导的 cAMP 水平变化。GloSensor™ cAMP

检测法能够对 cAMP 水平进行动力学分析，以实时

定量 GLP-1 受体激活后的第二信使信号传导。这

是 GLP-1 信号启动的起始阶段，即配体结合并发

生 GPCR 激活。
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Figure 6. Detection of cytokines with the 
corresponding Lumit® Cytokine 
Immunoassay. Obesity related 
inflammation is an important consideration 
when researching GLP-1 signaling. Lumit® 
Cytokine assays provide a rapid, 
homogeneous bioluminescent solution for 
quantifying key cytokines. Below, human 
PBMCs were plated in a 96-well plate in 
100µl and treated for 24 hours with cell 
stimulation cocktail (CSC), 
lipopolysaccharide (LPS) or R848. By 
incorporating Lumit® readouts into GLP-1 
receptor workflows, researchers can rapidly 
monitor inflammatory responses without 
wash steps or specialized equipment.
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5. Inflammatory Feedback

4. Hormone Secretion

Figure 5. Quantify how GLP-1 Receptor 
agonists stimulate insulin release with 
Lumit® Insulin and Glucagon Assays.  
These assays provide luminescent, no-wash 
quantitation of hormone release from 
pancreatic or model cell systems. GLP-1 
signaling drives insulin and glucagon 
secretion, directly linking receptor activity to 
glucose control. Promega Lumit® 
Immunoassays simplify measurement of 
these peptide hormones. The GLP-1 
receptor agonist drugs are represented by 
three colors: red, blue and green (kept 
anonymous).
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4.  激素分泌

5. 炎症反馈

图 6. 使用相应的 Lumit® 细胞因子免疫检测法检测

细胞因子。肥胖相关炎症是研究 GLP-1 信号传导

时的一个重要考量因素。Lumit® 细胞因子检测法为

定量关键细胞因子提供了一种快速、均质、生物发

光的解决方案。下图，将人PBMC接种于96孔板中，

每孔 100µl，并用细胞刺激混合物（CSC）、脂多

糖（LPS）或 R848 处理 24 小时。通过将 Lumit® 

读数整合到 GLP-1 受体工作流程中，研究人员无

需洗涤步骤或专用设备即可快速监测炎症反应。

图 5. 使用 Lumit® 胰岛素和胰高血糖素检测法定量

GLP-1 受体激动剂如何刺激胰岛素释放。这些检测

法能够对胰腺或模型细胞系统释放的激素进行生物

发光、免洗的定量检测。GLP-1 信号传导驱动胰岛

素和胰高血糖素分泌，将受体活性与血糖控制直接

联系起来。Promega Lumit® 免疫检测法简化了这

些肽类激素的测量。GLP-1 受体激动剂药物以三种

颜色表示：红色、蓝色和绿色（保持匿名）。
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6. Study Agonist Effects

Figure 7. Measure titrations of 
agonists with the Incretin-related 
Bioassays. The GLP-1 bioassay  
connects molecular events to 
functional outcomes. Upon GPCR 
activation, adenylyl cyclase produces 
cAMP, which triggers transcriptional 
activation of a response element (RE), 
leading to NanoLuc® Luciferase 
expression and bioluminescent signal. 
This provides a quantifiable endpoint to 
characterize how dose-response 
titrations of agonists directly correlate 
with pharmacological potency. 

6.  激动剂效应研究

图 7. 使用肠促胰素相关生物检测法测量激动剂的

滴度。GLP-1 生物检测法将分子事件与功能性结

果联系起来。GPCR 激活后，腺苷酸环化酶产生

cAMP，进而触发反应元件（RE）的转录激活，导

致 NanoLuc® 萤光素酶表达并产生生物发光信号。

这提供了一个可量化的终点，用以表征激动剂的剂

量 - 反应滴度如何与药理效力直接相关。

表征步骤 Promega 技术 / 检测

受体结合与内化
HiBiT 技术 

NanoBRET® 靶标结合

信号传导 GloSensor™ cAMP 检测

β- 抑制蛋白（β-arrestin）招募 NanoBiT® 技术

激素分泌 Lumit® 胰岛素免疫检测

炎症反馈 Lumit® 细胞因子免疫检测

研究激动剂效应 GLP-1 生物活性检测

结论：从机制到意义
总结表

GLP-1 受体激动剂开启了肥胖治疗的新篇章，但理解其更广泛的生物学影响需要同样先进的工具。Promega 技术赋能研究

人员探索完整的信号级联：受体结合、细胞内信号传导和免疫调节。通过在这些层面实现精确的发光测量，Promega 提供了

将 GLP-1 信号转化为机制见解的手段，为肥胖研究的发现提供了新的机会。

https://www.promega.com/resources/technologies/hibit-protein-tagging-system/
https://www.promega.com/resources/technologies/hibit-protein-tagging-system/
https://www.promega.com/products/cell-signaling/gpcr-signaling/glosensor-camp-cgmp-protease-biosensors/?tabset0=0&catNum=E1290
https://www.promega.com/resources/technologies/nanoluc-luciferase-enzyme/#nanobittechnology
https://www.promega.com/products/immunoassay-elisa/lumit-immunoassays/metabolic-target-research-with-lumit-immunoassays/
https://www.promega.com/applications/biologics-drug-discovery/lumit-cytokine-immunoassays-for-biologics/
https://www.promega.com/products/reporter-bioassays/metabolic-disease-bioassays/incretin-related-bioassays/?tabset0=0


相关资源
• 肥胖研究解决方案

• 代谢性疾病研究解决方案
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